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ON THE INTERACTION BETWEEN CARBON BLACK AND SULFUR 
DURING THE VULCANIZATION OF RUBBER 


G. A, Blokh and A. G. Yaroshevich 
(Presented by Academician P, A, Rebinder, April 3, 1957) 


The mechantsm of the strengthening of rubber by carbon black has until recently been tnterpreted from 
the physical point of view, According to the researches of P, A, Rebinder and co-workers [1] the extent of the 
interaction between the filler and the rubber {s given by the decrease in the free energy of the system resulting 
fromm the wetting of 1 cm? of the surface of the filler particles by rubber. The rubber ts bound to the surface of 
the carbon black particles through adsorption and forms around these particles an extended film which ts charac- 
terized by high strength (2}; in this state the rubber fs referred to as “bound” or film-like rubber, In systems in 
which such adsorbed rubber fs present there appears on the surface of the filler particles an effect which resembles 
a kind of “crystallization” of rubber which results {n a strengthening of the interaction between individual chains 
and hence tn increased strength of the rubber [3]. According to Kusov [4], atoptimum filling of the rubber with car- 
bon black the mixture constitutes a continuous mass — a molecular space lattice with carbon particles situated in 
its nodes, 


More recent investigations of the structure and constitution of carbon blacks [5-7] make it possible to inter- 
pret the mechanisin of strengthening of rubber by carbon blacks also from the chemical point of view, It has 
been established [6] that certain oxygen-containing active groups, namely, ~COH, OH, COOH, C=O are present 
in the structure of carbon blacks, The extstence of C=C bonds has also been observed, the latter being especially 
characteristic of structures of oven blacks formed {n atmospheres defictent in oxygen, The possibility of the par- 
ticipation of carbon black in the chemical reactions taking place during vulcanization also indicates their un- 
saturated character as shown by the fact that they are capable of adding on bromine, It has been observed [8] 
that the reactivity of carbon blacks as determined by the content of oxygen-containing groups (e. g., quinones) 
on the surface of their particles, changes markedly when the blacks are submitted to thermal treatment, Com- 
plete removal of such groups by heating the carbon black at 800° renders it chemically inert, and mixtures of 
rubber with such carbon black do not undergo any changes on heating, It has been found [9] that 6 -quinone- 
dioxine, p-nitrosodiphenylamine, hexachlorocyclopentadiene and other compounds act as promoters of the inter- 
action of rubber with carbon black by giving rise to the formation of rubber molecule radicals which react with 
the active centers on the surface of carbon black particles with the formation of valence bonds, It appears quite 
probable that in the course of the vulcanization process carbon blacks interact chemically with substances which 
act as accelerators, In our investigations published recently [10, 11] we have given some experimental data 
which indicate that direct interaction of carbon black with sulfur is, indeed, taking place during the vulcaniza- 
tion of rubber, The application of radioactive {isotopes opens up great possibilities for the investigation of this 
problem which ts so important in the technology of rubber. 


In the present paper we are giving some kinetic data on the {nteration of carbon blacks (gas black, lamp- 
black) with sulfur and accelerators, The investigation of this problem was carried out by the following methods: 
(a) investigation of the interaction of radioactive sulfur with carbon black at temperatures used in vulcanization 
processes, (b) investigation of the adsorption of rubber molecules on the surface of carbon black particles from 
benzene solutions, the carbon blacks having been submitted to different thermal ueatments in mixtures with 
sulfur and accelerators, and (c) investigation of the influence of the preliminary heat treatment of the mixture 


of carbon black, sulfur and accelerator on the physicomechanical properties of rubbers based on different synthetic 
rubber polymers. 
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EXPERIMENTAL 


Kinetics of the ceretneien of radioactive sulfur with carbon black and lampblack, We have Investigated 
a mixture of black and sulfur s® containing the two components in the proportion of 100; 3, respectively, Three 
series of experiments were carried out, 
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Fig. 1. Kinetics of the extraction of radiosulfur as a function of the length of heat 
treatment of black-sulfur mixtures at 150°; A) carbon black, B) lampblack, 


Series I, Accurately weighed samples of the black 


* (carbon black, lampblack) were intimately mixed with 
as ae % weighed samples of radiosulfur and subsequently heated 

at a temperature of for perlods of 1, 3, 5, 8, and 

— Series Tl, Accurately weighed samples of radio- 

g sulfur were heated alone at 145° for periods of 1 to 10 

hours after which they were mixed with the blacks, 

Series III, Accurately weighed sarnples of the blacks 
2 tds and radioactive sulfur were intimately mixed, but were 
not submitted to the heat treatment, 

rs 
Length of heat treatment From each series of mixtures samples were taken 


for the determination of initial radfoactivity, Subsequently 
each of these mixtures, having undergone the different 
individual heat treatment, was submitted to continuous 
extraction with benzene in the cold for 600 hours tn order 
to remove free radiosulfur, At strictly determined tnter- 
vals during the extraction samples of the blacks were with- 
drawn for the determination of restdual radioactivity, The 
experiments in Series II and II permitted an explanation 
of the quantitative aspect of the adsorptional combination of sulfur with the carbon blacks, The comparison of 
radioactivity residual in the samples of Series I with that in samples of Series I and HI enabled us to establish 
the true character of the chemical combination of sulfur with the blacks, Kinetic data relating to the combina- 
tion of sulfur with carbon black and lampblack are presented below, From an analysts of the curves in Figs. 1 
and 2 it becomes quite obvious that chemical interaction takes place between the blacks and the sulfur when the 
two are heated together. Even after extraction of the sulfur with benzene for 600 hours itwas impossible to re- 
move all sulfur from its mixture with the blacks, Carbon black combines chemically w {th sulfur to a considerably 
greater extent than does lampblack, Our data, obtained by making use of radioactive sulfur, are in close agree- 
ment with those obtained by Studebaker [12] who reported that on heating one part of sulfur with 9 parts of car- 
bon black for 18 hours at 150°, 0.64% of sulfur combined chemically with the black, 


Fig. 2. Kinetics of the combination of sulfur with 
} carbon blacks: 1) gas black (carbon black) and 
sulfur heated together at 150°; 2) sulfur heated at 
150° and mixed with gas black; 3) lampblack and 
sulfur heated together at 150°; 4) sulfur heated at 
150° and mixed with lampblack; 5) lampblack and 
sulfur, without heat treatment, 
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Adsorption of rubber molecules by carbon black-sulfur complexes, [t was of interest to establish to what 


extent the preliminary heat treatment of carbon black alone and tn adinixtures with vulcanization accelerators 
would affect the adsorption of rubber molecules from benzene solutions onto the surface of the carbon black 
particles, Adsorption of rubber molecules by the black results in a change in the viscosity of the rubber solution, 
and this may be used as a measure of the change in adsorption activity of the black with respect to the rubber as 
a result of the interaction of the black with the accelerator group and the formation on the surface of the black 
particles of new carbon black-sulfur complexes, In our experiments we have modified somewhat the procedure 
developed by Yurzhenko [13]. Into flasks containing 60 ml of 0.1% solution of divinylstyrene rubber there were 
placed: (a) 2 g of carbon black heated at 145°, (b) 2 gof carbon black mixed with 0.1 g of sulfur and heated at 


a 


Relative viscosi 


v0 60 
Extraction time, min 


Fig. 3, Variation of the viscosity of a benzene solu- 
tion of rubber SKS-30 as a function of the composi- 
tion and heat treatment of the adsorbent; 1) carbon, 
sulfur and accelcrator; 2) carbon and sulfur; 3) care 
bon; a) heated at 150° for 3 hours, b) without heat 
treatment, 


Tensile strength, kg/cm? 
8 S 


Vulcanization pertod, min 


Fig. 4. The influence of preliminary heat treatment 
of mixtures of carbon black, sulfur and accelerators 
on the tensile strength of rubbers based on SKB rub- 
ber: 1) carbon black, sulfur, mercaptobenzothiazole 
and diphenylguanidinc, 2) carbon black, sulfur and 
mercaptobenzothtazole, 3) carbon black, sulfur and 
tetramethylthturam; a) heat treated at 130° for 120 
minutes, b) not heat treated, 


145°, (c) 2 g of carbon black mixed with 0.1 g of sulfur 
and 0,03 g of mercaptobenzothiazole, heated at 145° for 
periods from 1 to 3 hours, Prior to the addition of these 
substances to the solutions the relacive viscosity of the 
initial 0.1% solution of rubber SKS-% was determined, 
Depending on the length of time during which the car- 
bon blacks and thefr mixtures with sulfur rematn in con- 
tact with the rubber solution, adsorption of rubber mole- 
cules takes place on the surface of carbon black particles 
resulting in a change in the viscosity of the solution, The 
carbon black was separated from the rubber solutions by 
centiifuging, The kinetic data are shown in Fig. 3, 


From the curves in Fig. 3 ft will be seen that heat 
treatinent of carbon black at 145° for periods of 1 to 
3 hours increases the adsorption of rubber molecules 
on the surface of carbon black particles which results in 
a change in viscosity of the rubber solution, A different 
situation exists in the case of the adsorption of rubber 
by carbon-sulfur complexes, When the mixture of carbon, 
sulfur and accelerator has been heated for 3 hours the 
subsequent adsorption of rubber molecules on carbon black 
particles decreases, which manifests itself in only a negli- 
gible change in relative viscosity of the rubber solution, 
This result is apparently due to the formation of new car- 
bon-sulfur complexes or of polysulfides on the surface of 
the blacks as a result of the intcraction of the latter with 
the accelerator group, the effect being a decrease {n the 
amount of rubber adsorbed on the surface of carbon black 
particles, 


The effect of preliminary heat treatrnent of carbon 
black, vulcanizing substances and accelerators on the 


strenyth of rubbers, Different mixtures based on natural 


and synthetic rubbers were investigated, Mixtures of car- 
bon black with sulfur and accelerators were submitted to 
heat treatment at 100 and 150° for different lengths of 
time, and were then added to the rubber mix ina mill, 

It was found (10, 11] that preliminary heat treatment of 
mixtures of carbon black with sulfur and accelerators in- 
creases the strength of the rubbers, This ts of fundamental 
importance in the modification of the processing of rub- 
ber compounds (see Fig, 4). 


We are of the opinion that vulcanizing substances 
and accelerators react with each other on tie enormous 
cumulative surface of carbon black particles with the 
formation of intermediate polysulfidic compounds, The 
resultant active modifications of sulfur are not only 
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adsorbed physically, but enter Into chemical combination with the active oxygen- and hydrogen-containing cen- 
ters, with the microcrystalline structure of the carbon atom lattice and with the molecular structure of the film- 
like extended and orlented rubber phase on the surface of carbon black particles. The nodal points of such struc-. 


tures are formed not only by the rubber and sulfur, but include also carbon black which combines chemically with — 
either constituent. 
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CRITICAL CONDITIONS IN THE SEDIMENTATION OF AEROSOLS IN 
VISCOUS FLOW AROUND A CYLINDER AND A SPHERE 


G. L. Natanson 


(Presented by Academictan A, N, Frumkin, April 3, 1957) 


Equations of motion of an aerosol particle in a stream governed by Stokes" law for the resistance of the 
medium have the form 


du 


where m and R are the mass and radius, respectively, of the particle; 4 ts the viscosity of the medium; t ts 

the time; vy and wy are velocity components of the stream and of the particle in the direction of the {-axis, 
By virtue of their inertia the acrosol particles ate displaced off the flow lines at points where the stream executes 
a bend, As the stream flows past an obstacle the acrosol particles suffer a displacement from the flow lines and 
may reach the surface of the obstacle and be adsorbed, If the velocity and position of an aerosol particle at 
starting time some distance away from the obstacle are known, tt fs possible, using Eq. (1) and assuming that 


vq ts a known function of the coordinates, to calculate, in principle, the path of motion of the given particle 
and thus to determine whether it will be adsorbed by the obstacle, 


vi 

Introducing the dimensfonless velocitics and time, Vy = WY = and = where Vo ts the 

velocity of the oncoming undisturbed stream and a {s the Unear dimension of the obstacle, the system of Eqs. (1) 

can be written in the form 


du 
Vi--Ui, 


(2) 
where P = Ona and y, ts the density of the particle, Let us assume that at some distance away from the 
obstacle the particle {s moving in the direction of the flow lines with a velocity equal to that of the stream itelf, 
At a given initial position of tie particle its trajectory will be fully determined by the velocity fleld of the stream 
and the value of the dimensionless parameter P, often called Stokes’ number, The coeffictent of adsorption ts 


given by € = ro » where s; fs the cross section of a tube in the oncoming undisturbed stream bounded by the paths 


of particles which will just be adsorbed by the obstacle, and sq fs the median section of the obstacle; this coef- 
fictent ts also fully determined by the value of P and by the velocity field of the stream, As P decreases, the 
limiting trajectories of just adsorbable particles approach more and more the central flow line of the stream and 


the value of € decreases, For each velocity field there exists a critical value of P = P,, below which the cocf- 
fictent of adsorption € ts equal to zero (€ = 0), 


Critical values of P for potential flow around obstacles in the case of plane-symmetical and axial flow have 


been determined analytically by L, M, Levin (1] who showed that under these conditions the following relation= 
ship holds: 
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where X = x Y= ~ and Z= : are dimensionless coordinates; {n this case the ortgin of the axes of coordi- 


nates is ian at the center of the obstacle and the stream flows in the direction of increasing values of x, Davies © 
and Peetz [2] have — without well-founded reasons — used Expression (3) to calculate P., in the case of viscous 

flow around a cylinder, However, from boundary conditions of viscous flow around bodies (at all points on the 
surface of the obstacle vq = 0) it follows that, assuming the central (axial) flow line of the stream to be perpen- 
dicular to the surface of the obstacle, at the critical point (X = -1, Y =0,Z = 0) we have dvy/ dy = dv, / dz = 


wz 
= 0, whence, taking into account the equation of incompress{bility at 3 7 3 + - = 0, we obtain at the 
av 
critical point = = 0. Thus, using Expression (3) for viscous flow around obstacles one should always obtain 


P., = 00, Davies and Peetz in their paper obtained finite values of P,,, but they did so only because they used 
approximated expressions for the velocity components of the stream which do not exactly satisfy the boundary 
conditions of viscous flow around bodies, The values of Pc, determined by these authors have, thus, no real 


meaning and completely determined by the extent to which the approximate velocity gradient along the axial 
line deviates at the critical point from its exact value of zero, 


Real (finite) values of P., in the case of viscous flow around bodies can be obtained by numerical integra- 
tion of Eqs, (2). In order to do this it is necessary to know vy as a function of the coordinates, Expresstons for 
the velocity components of the stream in the case of viscous flow around a circular stationary cylinder of in- 
finite length situated with its axis perpendicular to the direction of the stream, applicable at any distance from 
the cylinder, may be obtained from Ozeen's equations [3} 


(4) 


Kg ts the Bessel function to an imaginary argument, k = 3 » Y2 is the density of the medium andr the radius 


vertor expressed in terms of polar coordinates. Since the constants Ay contain terms in ka to the power of (n- 1) 
and constants B, contain such terms to the power of n, it follows that at low Reynolds numbers, Re = 4ka, we may 
limit ourselves to taking into account only the first few terms of the expansions of g and x in series, If in the 
expressions for vy we neglect terms containing powers of ka higher than the first, it suffices to take into account 
only three terms in the expansion of ¢ and three terms in 73 expansion of x (actually, two terms in the expan- 
ston of x are sufficient, because on neglecting terms in k*a* the constants Ag and By enter into expresstons for 


vy in the form of the linear combination A,— 2 = A$). If we now substitute the expressions thus obtained 


for ¢ and x into Eqs, (4), neglect terms containing powers of-ka higher than the first, and determine the con- 
stants A», A,, A$, By and B, from the boundary conditions vy = vy = 0 for r = a, by equating terms with different 
powers of x and y to zero, we obtain 


— Ky(ér) + (br) — x 


(1- 


(5) 


a | cr 
where 
Inr a" Ky (kr) 
= A, ——., >, 
| 
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(Kg (ka) ts henceforth being denoted by Kg). On neglecting terms with first powers of ka and kr in Eqs, (5) we 
obtain the well-known expresstons duc to Lamb, 


Expressions (5) differ in terms of the first degree with respect to ka from those obtained by Davies [4] and 
used by him (2, 5} to calculate € as a function of P for a Reynolds number of Re = 0,2, When calculating v, 
and vy by means of Eqs, (4) Davies used five terms tn the expansion of g and only one term in the expansion of 
X. In order to determine six constants he obtained, from boundary conditions, seven incompatible equations and 
was able to calculate the values of the constants and satisfy the boundary conditions only by neglecting — without 
suffictent reasons — a number of terms, For this reason the expressions obtained by Davies for v4 do not satisfy 
Eqs. (4) with respect to terms in ka, 


In order to determine Po, ft is not absolutely necessary to calculate € as a function of P; it fs sufficient 
to consider the motion of the aerosol particle along the axial flow line of the stream and to determine for what 
minimun value of P = P., the particle will just-réach the surface of the obstacle, 


In the following we shall denote the dimensfonless velocitles of the stream and of the particle moving along 
the axis, respectively, by the letters V and U without suffixes, Using thts notation the equation of motion of the 
aerosol particle along the central axis of the stream will have the forn 


dU 
= V(x) — U (x). (6) 


The problem of determining Pc, thus reduces to the determination of the minimum value of P for which U > 0 
(U—V > 0) at the surface of the obstacle, 1. e., atX = —1. 


One of the most accurate and amenable methods of numerical integration of differential equations {fs the 
method due to Adams [6], In order to be able to apply this method in our case let us first transform Eq, (6) into 


J 
the form PU “ . V —U by means of the relation Udr = dX, and hence, putting h = — 7 » into 


dX 


dU V—U (7) 


“dh ~ “PURE 
To determine P,, it is necessary to.use this equation to calculate values of U at different valyes of P whenh =1, 
the initial condition being U = 1 whenh = 0, 


The dependence of V onh in the case of the oncoming stream, derived from (5), is given by the expression 
(where r = —x = a/h): 


2 h 
V = Ky (ka / h) K, (ka [h) 
x (1+ 4 hka + — htkaKo} . 


In order to carry out the numerical integration of Eq. (7) by the method of Adams it is necessary to obtain 
by some method the first three or four values of U for small and equal intervals Ah, For this reason Eq, (7) was 
ka(1 + 2Kg) 
by expanding U into the series U = 1 + bh + bzh? + byh? +... . On substituting these expressions for V and U 

into Eq. (7) and equating the coefficients of equal powers of h we obtain 


first integrated for small values of h (V =1— = 1— Ch) by the method of indeterminate coefficients 


U = 1—Ch+ —CP (C + 2P) + 6CP? (C + P)ht— (9) 


Values of Por were determined for Reynolds number Re = 4ka = 0,1, First, values of U were calculated for 
h < 85-10™, Then, using Adams" method, values of U were calculated for values of h > 85-10 at intervals 
Ah which were at first equal to 2.5-10™ and were subsequently increased progressively toh = 4 -10°*, The 


intervals were so chosen as to secure a sufficient degree of accuracy in the values of Ah 7 and to be able to 
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limit ourselves to the consideration of second (and only very rarely to third) order differences of this quantity, 
The entire interval from h = 85-10 toh = 1 was divided into 94 intervals, Values of V and U were calculated 

to the fourth decimal place. In calculating V we have used elght-figure tables of functions Ky and Ky with argu- 
ment increments of 0,001 [7}. For intermediate values of arguments linear, and where necessary parabolic inter- 
polation was applied, Values of U were calculated for a number of values of P, A critical value of P = 4.3 4 0.1 


was obtained for Reynolds’ number Re = 0,1; above this value U- V > 0 whenh = 1 (in the case of potential flow 
around a cylinder, Po, = ‘/y fl, 8D. 


In a similar manner the value of P., was calculated for viscous flow around a sphere, following Oreen’s 
method, In this case the following expressions are obtained for the velocity components of the stream (the de- 
gree of accuracy being carried to terms of the first power of ka): 


kr? 
2a* a*x? ka? 3x2 3atx 5atx® 


“Ore 


Uy, = Ug — 


(10) 


i ka? ’ 3x a? Satx? 


where x and p are cylindrical coordinates, and r {fs the spherical radius vector, As ka and kr both tend towards 


zero (ka—> 0 and kr —*> 0) these expressifons assume the form valid for Stokesian flow around bodies, A value 
of P., = 1.154 0.01 was calculated for Re = 0,1 


Finally, a similar calculation was carried out for the case of Stokes* flow around a spher¢, A value of 
Poy = 1.212 0.01 was obtained which fs in full agreement with the value of Pc = 1.214 obtained by Langmutr 
[8] by means of the differential analyzer (in the case of potential flow around a spherc, Pc, = (1, 8D. 


It must be stressed that the notion of acritical value of P {s linked only with that part of the sedimentation 
process which fs governed by the inertia of tie particles alone, As will be secn from the above, the conclusion 
that € = 0 when P < Pc, ts reached only on the assumption that a particle becornes adsorbed when tts center of 
gravity reaches the surface of the obstacle, Actually, adsorption takes place wien the particle approaches the 
surface to within a distance equal to its radius, If this circumstance fs taken into account, it will be seen that 
when P < Pcy adsorption will also take place by virtue of pure adhesion, In the case of viscous flow around a 


cylinder and for small values of € the coefficient of adsorption due to adhesion alone {s given by € = 


1+ 2Ky 
x oY. Thus, the effect of the dimenstons of the particles on the coefficient of adsorption will be small only 


when R « a, Strictly speaking, the latter condition would also be expected to prevail when the reaction of the 
particle on the velocity field of the stream circumflowing the obstacle is negligibly small, Since P = Fyfe ° 
it follows that > — when P > Por. Hence, at small Reynolds numbers the conditions P > P,, and 


R « a cannot be fulfilled simultaneously, For Re = 0.1, Pop = 4.3 and yg =1,2+107%, condition P > Pc, neces= 
0.46 


sitates x > ei, €., condition R « a can be realized only in the case of aerosols of certain metals 


(m > 1). 
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ON THE ROLE OF ADSORPTION KINETICS IN WETTING PROCESSES OF 
DUST PARTICLES BY DROPLETS OF SOLUTIONS OF 
SURFACE-ACTIVE AGENTS 


S. A. Nikitina and A, B, Taubman 
(Presented by Academician P, A, Rebinder, April 13, 1957) 


In the course of investigations on the dust-absorbing action of sprays of solutions of surface-active agents 
of the sem{-colloidal type, for example of wetting agents DB and OP-10, we have found considerable differences 
in their dust-absorbing ability, in spite of the close resemblance of their chemical composition and molecular 
structure [1]. These differences were also found in the case of solutions having practically the same static sur- 
face tension equal to the lower limiting value of 30-35 ergs/cm?. } 


In contrast to solutions of molecularly dissolved surface-active substances — organic acids, alcohols, etc,— 
} in which adsorption equilibrium {s attained within fractions of a second [2], in the case of micellar colloidal 
solutions of soap-like wetting agents the attainment of adsorption equilibrium corresponding to static surface 
tension requires considerable time [3], 


Now, the absorption of dust particles by water droplets ts brought about under kinetic conditions during 
their short-lasting collisions (contact); in some cases such cdllisions result in actual absorption of the dust parti- 
cles by the droplets, while in others such absorption fails to take place as a result of tlie rebounding of the drop- 
lets from the dust particles [4], Since the probability of absorption of a dust particle as a result of its being wet- 
ted by the solution increases with the extent of the lowering of surface tensfon of the latter prior to the collision, 
{t is obvious that the efficiency of dust absorption will depend in considerable measure on the extent to which the 
adsorption layer will have formed by that time, and, consequently, on the relative lowering of the dynamic sur- 
face tens{on (og), that fs, on the extent to which the latter will have approached the value of static surface ten- 
sion (o;) corresponding to the equilibrisun state of the surface layer of the droplet of the solution at the given 
concentration, 


; From the above it follows that the lowering of static surface tension of solutions of surface-active substances 
; does not characterize their true wetting propertics under actual conditions of dust absorption: og may vary from 
values close to the surface tension of pure water (a9) to the minimum value, o,. 


It is obvious that these differences which arise from the particular properties of solutions of colloidal wet- 
ting agents, might be detected in the course of investigations of their surface activity under conditions of vary- 
ing duration of the interface solution-air (r); under conditions obtaining in actual dust-collecting practice the 
duration of this interface may vary within wide limits, For this reason, and in view of the applicability of the 
usual methods of determination, we have measured gg of the solutions by droplet counts for r = 2 sec, and 
o, by the pendant drop method [5] for r = 2 min; under our conditions these periods were always sufficient for 
adsorption equilibrium to be attained, 


From Fig. 1 it will be seen that in solutions of wetting agent DB and of Aerosol OT adsorption equilibrium. 
is attained nlatively rapidly and both isotherms — of dynamic and static surface tension, og(C) and o,(C)— 
] approach each other rapidly with increasing concentration and practically coincide at a certain value of the 
latter, In the case of wetting agent DB this concentration is equal to 0,08-0.1 % and in the case of Aerosol OT 
to 0,22-0,25%, which ts in agreement with the critical micelle concentration (CMC) reported in the Mterature [6], 
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Fig. 1. Isotherms of dynamic (ag) and static (o,) surface tension of solutions of wetting agent DB 
and Aerosol OT, 1) og for r =2:sec; 2) for r= 2 min, 
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Fig. 2, Isotherms of dynamic (04) and static (o,) surface tension of solutions of wetting agent 
OP-10,. 1) 04 for r = 2sec; 2) o, for r = 2 min, 
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Fig. 3, Dependence of the efficiency of wetting (E) of quartz dust on Ao =og-o, 

for different surface-active substances, 1) Wetting agent DB, 2) Acrosol OT, 3) puri- 


fied alkylaryl sulfonate, 4) wetting agent OP-10, 5) sulfonated alcohol, 6) dodecyl- 
amine acetate, 


It is well known that at this and higher concentrations the formation of the equilibrium (saturated) adsorption layer 
is complete within a very short time, namely, within periods of the order of less than tenths of a second (7). Thus, 
the simultancous determination of og and o, at the concentration at which both values are practically identical, 
may be regarded as a new method of determination of the CMC, 


A different relationship is observed in the case of surface tension isotherms of solutions of wetting agent 
OP-10 (Fig. 2). In this case the difference between oy and a, is large and, what is important, is also maintained 
at higher concentrations (up to 4%), namcly, at concentrations 100 times higher than that at which the constant 
value of o, ~ 30 ergs/cm? is attained, This clearly indicates the slow rate of formation of adsorption layers in 
solutions of surface active agents of this type; as a result, sufficiently low values of o, cannot be attained at 
any concentrations under conditions when the duration of the freshly formed interface solution-air is short, The 
reason for this lies in the fact that the wetting agents in question, unlike wetting agents DB and Acrosol OT, con- 
stitute a molecular mixture of components of different molecular weights (containing hydrocarbon chains of vary- 
ing length and structure) as a result of which formation of micelles in their solutions proceeds slowly over a wide 
range of concentrations (8). This, in turn, leads to the retardation of the kinetics of formation of adsorption laycrs 
and to a reduction in the efficiency of their dust-absorbing activity, 


On the other hand, in the case of solutions of wetting agents in which micelle formation ts completed at 
the point corresponding to the meeting of the isotherms oq(C) and o,(C) and to the critical micelle concentra 
tion (CMC), when 03 — 0, © 0, the efficiency of collisions between dust particles and droplets under kinetic con- 


_ ditions will be greatest, 


The dependence of the relative efficiency (E) of wetting by solutions of surface-active agents [1], as com~- 
pared with water, on the difference og — ag is represented graphically in Fig. 3 from which it will be seen that 
wetting agents DB and Acrosol OT do, in fact, possess the greatest efficiency in wetting, The dependence of E 
on og~ 0, has a meaning only when we are comparing solutions having practically identical and sufficiently 
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low values of static surface tension, o,. In general one would expect that the dependence of E on 04 of on 
Og — 0, would be expressed by one universal curve for different surface-active agents, However, this ts not the 
case since the process of dust absorption {s also determined by the specific nature of the surface of the dust par- 
ticles which becomes manifest in the interaction with droplets of solutions of surfactants, We have, in fact, 
shown (4) that in the case of aqueous solutions of surface-active substances whose polar grodps may become 
chemically fixed on the surface of the solid particles, the dust-absorbing ability of water ts not enhanced (E > 1), 
but, on the contrary, ts lowered (E—1 < 0, see curve 6), 


This is, of course, explained by the hydrophobic properttes acquired by the dust particles (due to amines 
in the case of quartz and to fatty acids in the case of apatite) as a result of the slow migration of molecules of 
the surface-active agent from the surface of the droplets onto the solid particles, 


In the case of fairly concentrated solutions of any surface-active substances with a sufficiently low dynamic 
surface tension og, no such effect is observed irrespective of whether a given type of dust can or cannot acquire 
hydrophobic properties as a result of chemisorption, and with solutions of such surfactants the efficiency of dust 
absorption {s always enhanced, Aqueous solutions of this type will wet any hydrophobic surface, and this explains 
the transition of curve 6 in Fig. 3 into the region of wetting. 


The authors wish to express their sincere gratitude to Academician P, A, Rebinder for his interest in this 
work and for valuable advice, 
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ON THE DEPENDENCE OF THE OXIDIZABILITY OF HYDROCARBONS IN 
THE LIQUID PHASE ON THEIR STRUCTURE 


V. Rozhkov. 


(Presented by Academician N, N, Semenov, April 27,1957) 


On the basis of the general assumptions of the chain theory,N. N. Semenov [1, 11] arrived at the conclu- 
sion that the rate of oxidation of hydrocarbons would be determined by the strength of the weakest C—H bond 
in their molecules, In the present paper we are examining data on the oxidizability, in the liquid phase, of 
hydrocarbons with 7-10 carbon atoms found in the literature (2, 4, 5] and also those obtained by us (6) (sce also 


Fig. 1), and we shall compare these data with those given by Voevodsky [3] and Semenov [11] relating to the 
C—H bond strengths in these hydrocarbons (Table 1). 


(moles /mole) 164 


¢ 
ff 
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Fig. 1. Oxidation of paraffinic hydrocarbons and of toluene (tg = 100°; 

Po = 1 atmos. abs.), Oxygen absorption (axis of ordinates) in moles/mole + 
“104, 1) n-Heptane, 2) n-octanc, 3) n-nonane, 4) n-decane, 5) 2,6- 
dimethylpentanc, 6) 2,2,4-trimethylpentane, 7) toluene, 


In accordance with the views held by representatives of the Hinshelwood school [7], during low-temperature 
oxidation of paraffinic hydrocarbons molecular oxygen attacks, first of all, the center groups of the chain,which 
indicates that the weakest C—H bonds are situated at the center of the hydrocarbon molecule, A similar con- 
clusion is reached from an analysis of the equations deduced by V, V. Voevodsky [3]. 


The structures of the hydroperoxides of 2-methylhexane, 2,2,4-trimethylpentane and 2,7-dimethyloctane 
indicate that experimental data [2] and the existing theoretical considerations (3, 7] with reference to the loca- 
tion of the weakest C—H bonds in the molecules of these hydrocarbons lead to the same conclusion, No such 

agreement between theory and experiment exists in the case of n-heptane; contrary to the views frequently ex- 
pressed in the literature, oxidation of a straight paraffinic chain does not begin at the first [8] or the central (9, 


10], but at the second carbon atom of the chain [2), The structure of hydroperoxides of normal octane, nonane, 
and decane is, unfortunately, so far unknown. 
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TABLE 1 


Bond Rupture Energies of the Weaker C—H Bonds of Some Hydrocarbons and Their Oxidizability in the Liquid 


Phase 
Location of the weakest C——-H bond| Rupture energy Oxidizability of the 
Name of (asterisk) and direction of the pri- | of the weakest 
hydrocarbon in the 
hydrocarbon mary attack by oxygen (arrows) CH bond, Liquid phase 
according to K, I. Ivanov kcal/mole 
Normal Paraffins 
n-Heptane CH -CH,—CH,—CH,—CH,-CH,-CH,| 86.64"? Rate of oxidation the same as in the 
case of 2,2,4-trimethyl pentane 
and toluene (2, 4, 6], but consider- 
ably slower than in the case of nor- 
mal octane, nonane and decane [6] 
n-Octane CH, (CH,),—CH,— CH, 86.35 Undergoes oxidation much more 
vigorously than n-heptane, 2,2,4- 
timethylpentane or toluene, and 
at about the same rate as normal 
nonane and decane [6] 
n-Nonane CH, (CH); CHy—(CH,); CH, 86.08 * Undergoes oxidation much more 
vigorously than n-heptane, and 
at about the same rate as n-octane 
and n-decane [6] 
n-Decane CH, (CH); CH, CH,—(CH,); CH 85.92? Undergoes oxidation much more 
vigorously than n-heptane and at 
about the same rate as n-octane 
and n-decane [6] 
Isoparaffins 
2-Methylhexane CH, 85.95 ® Undergoes oxidation with consider- 
- ably greater ease than n-heptane 
and 2,2,4-trimethylpentane [4] 
2,2,4-Trimethyl- CH; CHs 84.54? Undergoes oxidation with equal ease 
pentane CH,- c- CH,-CH-CH, as n-heptane and toluene (2, 4, 6] 
CH, 
2,6-Dimethyl- 84.16 Undergoes oxidation much more 
heptane cH,- du (CH,),CH-CH, vigorously than n-nonane [6] 
2,7-Dimethyl- CHs CHyg 84,06? Undergoes oxidation more vigorously 
octane CH,- cu (CH,),CH du, than n-decane [5] 
Aromatic Hydrocarbons 
Benzene 99° Practically no oxidation takes place 
in the liquid phase (2, 5] 
Toluene H,C-H 71.5 * Undergoes oxidation with equal ease 


as n-heptane and 2,2,4-timethyl- 
pentane [2, 4, 6] 


Notes, 1, The bond rupture energy given refers to the C—H bond marked with an asterisk; the rupture ener- 
gy of the C—H bond at the point of location of the peroxide group is equal to 88.9 kcal/mole, 2, Calculated 


from Voevodsky's equations 3, Experimental values [11], 


. 
3 


The CH bond rupture energies for the weaker bonds in the case of normal paraffins with 7-10 carbon 
atoms calculated by means of the Voevodsky equations (3) are very close to each other, However, while n-oc- 
tane, n-nonane and n-decane do, in fact, undergo oxidation in the liquid phase with almost equal ease (see Fig.1), 
n-heptane differs in this respect in that it exhibits marked resistance to oxidation, 


The tso-paraffinic hydrocarbons which do not contain a quaternary carbon atom are characterized by the 
presence of CH bonds which are weaker than those in the corresponding normal paraffins, The former hydro- 
carbons do, in fact, undergo oxidation in the liquid phase with considerably greater case than the latter (see 2- 
methylheptane and n-heptanc, 2,6-dimethylheptane and n-nonane, 2,7-dimethyloctane and n-decane), 


However, the very high resistance of paraffins containing a quaternary carbon atom (trimethylpentanes) 
to oxidation in the liquid phase (4, 6] is in direct contrast to the CH bond strength characteristics of these 
hydrocarbons as calculated from Voevodsky's equations [3]; these equations do not take into account the “screen- 
ing* effect duc to the quaternary carbon atom in iso-paraffinic hydrocarbons, 


As has been pointed out, in the case of tolucne and benzene the bond rupture energy of the weakest 
C—H bond has been determined experimentally [11]; in the case of toluene the value obtained is considerably 
less than those given here for the bond rupture energy of the weakest C—H bonds in any paraffinic hydrocarbons, 
In view of this it might be expected that toluene would undergo oxidation with considerably greater ease than 
the paraffins investigated. However, experimental data [2, 6] (see Fig. 1) indicate that not only does toluene 
not undergo oxidation with greater vigor than the paraffins, but that it fs, infact,considerably more resistant to 
oxidation in the liquid phase than are n-octane, n-nonane and n-decane and approximately equal in this respect 
to the most stable of the paraffins investigated, namely, n-heptane and 2,2,4-trimethylpentane, 


On the other hand, in the case of benzene the high value of the C—H bond rupture energy corresponds to 
the exceptionally great resistance of this compound to oxidation in the liquid phase, 


We are thus led to the conclusion that on the basis of the available experimental facts it is impossible to 
discover any relationship between the bond rupture energy of the weakest C--H bonds in molecules of hydro- 
carbons and their relative ease of oxidation in the liquid phase. 
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ANODIC POLARIZABILITY OF ALLOYS OF Al WITH ALKALINE 
EARTH ELEMENTS IN NEUTRAL ELECTROLYTES 


A. L. Seifer 
(Presented by Academician I, I, Chernyaev, May 23, 1957) 


It has been suggested [1] that the increase (in the direction of positive values) of electrode potentials of 
Al~Ca alloys in sea-water {s connected with the decomposition of the oxide film on the surface of the alloy by 
the products of corrosion of the intermetallic compound Al,Ca, However, it is also necessary to take into account 

the fact that in sea-water which contains a certain amount 
of sulfate ions, there may be taking place a s{multaneous 
formation of a film of sparingly soluble calcium sulfate 
on the surface of the alurninum=calcium alloys. 


It was therefore deemed of interest to investigate 
the anodic polarizability of alloys of Al with Ca, Sr and 
Ba not only in sea-water, but also in solutions of sodium 
sulfate and sodium chloride — “limiting models” of sea- 
water — since the nature of anodic polarization in these 
electrolytes may throw light on the nature of the processes 
leading to the formation or decomposition of protective 
films on the surface of the electrode, It may be men- 
tioned that alloys of Al with Ca, Sr and Ba possess a struc- 
eg ture similar to the intermetallic compound of the type 
‘idee toon Al,M which is a component of the eutectic mixture [2-4], 


= 


Electrode potential 


Fig. 1. Anodic polarizability of Al—Ca alloys, Alloys of Al with Ca, Sr and Ba were prepared by 
1) Al + 3.93% Ca in 0.5 N NaCl, 2) Al + 12.26% dissolving the respective metals in molten aluminum of 
Ca in 0.5 N NaCl, 3) Al + 3.93% Ca in 0.5 N high purity under a layer of carnallite flux. The weight 
Na,SO,, 4) Al + 12.26% Ca in 0.5 N Na2SO,, percentage composition of the alloys is given in Table 1, 
5) technically pure Al in 0.5 N NaCl, 6) Al The content of Fe in the cast ingots did not exceed 0.03%, 


techn, purit : 
Oe ee The anodic polarizability of these alloys was ex- 


amined in Caspian sea-water and in 0,5 _N solution of 
NaCl and Na,SO, at polarizing current densities of up to 20 milliamp/dm*, The results are given in Table 1 and 
in Figs, 1-3, 


As will be seen from the graphs and the table, the characteristics of anodic polarizability of the alloys 
described depends both on the nature of the electrolyte and the nature of the added alxsline earth element, 


In the 0.5 N solution of NaCl the predominant process will be the dissolution of the oxide film on the sur- 
face of the alloy. The ease with which the film can be decomposed, which ts determined by the relative shift 
of the electrode potential in the direction of less negative values, increases with the nature of the added alkaline 
earth element in the order Ca~Sr—Ba and also with the amount added, As the secondary dissociation constant 
of the hydroxides increases from 0,03 for Ca(OH), to 0,23 for Ba(Oll), [5] and with increasing total amount of 
hydroxides formed (as a result of the interaction of the intermetallic compounds Al,M with water), in proportion 


; 
ry 
. 
i 
i 
{ 
06 
as 
as 
601 


Coy Electrode Potentials of Alloys of Al with Ca, Sr and Ba 
2 in Caspian Sea-Water at Different Anodic Polarizing 
x oe ee Current Densities (referred to the normal electrode, in 
volts) 
Anodc density, ma/dm? 
Current density, ma/dm? of alloy 0 10 ” 
Fig. 2, Anodic polarizability of alloys of Al with Al, techn, purity —o.s8 | —0.45 | -.0.42 
Sr and Al with Ba in 0.5 N NaCl, 1) Al + 1.06% "A143 .0he, Ca —0.59 | --0.47 --0.44 
a Al+6.859, Ca —0.49 | —0.45 —0.43 
Sr, 2) Al + 4.69% Sr, 3) Al + 25% Sr, 4) Al + | ALG AZ. 26% Ca 
+ 94% Ba, [As in original - Publisher.) Al4+4.06%, Sr —0.58 | —0.45 —0.43 
Al-+4.69% Sr —0.65 | —0.47 —9.45 
A1+7.25% Sr —0.64 | —0.55 —0,52 
Al+1.94°% Ba —0.67 | —0.66 — 0.64 


TABLE 1 


“a 
g “a6 Note, Temperature of the electrolyte solution = 
oe = 20°. The surface of the electrode was exposed to air 
8 a 2 prior to immersion in the electrolyte, 
J 

to the amount of the alkaline earth element added, there 

Less 


is an increase in the amouni of hydroxyl fons present in 
the electrode space of the alloy undergoing anodic polar- . 
ization. The hydroxyl fons present in the anode space 
serve mainly to facilitate the dissolution of the oxide film 
on the surface of the alloy. 

In 0.5 N solution of Na,SO, there proceeds, in the 
absence of the activating action of the chloride ion on 
the protective film, the formation on the surface of the alloy of an additional protective film of the sparingly 
soluble sulfates of elements of the Ca-subgroup, Since the solubility of the sulfates decreases in the order Ca— 
Sr~Ba, alloys of aluminum with Ba undergo polarization to a greater extent than {s the case with alloys of Al 
with Sr and Ca, With increasing amount of the alkaline earth element added to the alloy the anodic polariza- 
bility increases due to an increase in the total amount of sulfates formed, This fs clearly seen from the graphs 
in Figs, 2 and 3, 


Current density, ma/dm? 


Fig. 3, Anodic polarizability of alloys of Al with 
Sr and Al with Ba in 0,5 N Na,SO,, 1) Al + 1.06% 
Sr, 2) Al + 4.69% Sr, 3) Al + 1.94% Ba, 


In Caspian sea-water the general lie of the curves is similar to that obtained for the 0.5 N solution of 
NaCl; however, in this case the electrode potentials are considerably less negative as a result of the formation 
on the electrode surface of a small amount of sparingly soluble sulfates, 


Thus, during the anodic dissolution of alloys of alurninum with elements of the Ca-subgroup in sea-water 
two simultaneous processes are taking place, namely, dissolution of the oxide film by the action of hydroxyl ions 
and formation of a new film composed of sulfates, It is clear, however, that it is the lesser strength of the sulfate 
film as compared with the oxide film which is responsible for the clase analogy between the polarizability of 
these alloys in sea-water and their polarizability in NaCl solutions, 
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A METHOD FOR THE DETERMINATION OF SPECIFIC SURFACES FROM THE 
ADSORPTION OF GASES IN THE MONOMOLECULAR REGION 


G, Kaganer 
(Presented by Academician M, M, Dubinin, June 4, 1957) 


There exist several methods for the determination of the specific surfaces of adsorbents. Of these the - 
most generally employed are the methods based on adsorption of gases, Included here are the methods of Bru- 
nauer, Emmett and Teller (BET), of Harkins and Jura (HJ) and of Gregg. This latter technique ts only rarely 
employed; ithas recently been shown [1] that it is not an independent method but ties up with the BET equa- 
tion, The BET and the HJ methods are based on the measurement of polymolecular adsorption, Thus they do 
not give trustworthy values for the surface areas of finely porous adsorbents in general, and of many active gels 
in particular, 


A new method, which is independent of those al- 
ready existing, can be based on measurements in the 
region of monomolecular adsorption, We have deter- 
sa mined the adsorption of nitrogen on specimens of silica- 

gel and aluminum oxide at 77,4° K and at p/p, values 
we ranging from 1- 107* to 0.5. These measurements were 


x 
S 


V4 ee carried out by the volumetric method, At pressures 
below 1-10°° mm of Hg equilibrium was established in 
15-25 hours, In the pressure determinations a correction 
ra was introduced for the thennomolecular effect (2). Ad- 
sorption isotherms are presented in Fig. 1. 


log a (n cm3 /g) 


At small values of ©, the degree of surface cover- 
age, the nonuniformity of the surface has a great effect 
on the form of an isotherm, The most active positions 
are usually covered at low values of p/p,. At © values 
-6 -_ ws og. of the order of several tenths there remain uncovered the 

log P/P, relatively uniform portions of the surface which are charac- 

terized by an approximately constant heat of adsorption 
Fig. 1, Adsorption isotherms for nitrogen at 77.4°K (see, for example, [3]). It can be supposed that measure- 
and at pressures from 1+1075 to 4-10? mm of Hg. ments over this part of the monomolecular adsorption 
1) Silicagel, 2) aluminum oxide. (8 > 0,.2-0.3) would be suitable for the determination 
of the surface area, 


8 


Over this range of © values the data obtained by us is best described by the equation of M, M, Dubinin 
and L. V. Radushkevich [4} 


(1) 


| 
<3, 

as 

4 

= 

a= —exp|—B 5. log?) = 

603 = 


where we and B are constants characteristic of the adsorbent, v ts the specific volume tn the liquid phase of the 
substance whose vapors are being adsorbed and B fs the affinity cocfficient of the characteristic curves, 


This equation can also be written in the following form: 


where C = log (w,/v) and D = 0.43 BT*/8*, In the case of the adsorption of benzene on active charcoals, M. M. 
Dubinin, E, D, Zaverina and L. V. Radushkevich have established (5, 6) that log a depends linearly on (log p/p,)* 
at p/p, values ranging from 107-107 to 0,01-0.5, 


Through the study of the data of Fig. 1, and of other published experimental results on adsorption at low 
6 values, we have been led to the conclusion that over a certain {nterval all adsorbents follow Eq. (2), the devia- 
tion of the points from a straight line at high p/p, values being the greater the more coarsely porous the adsor- 


TABLE 1 


The Specific Surfaces of Adsorbents as Determined by Various Methods 


Specimen 


D Source 


from mono- 


according 

to BET 
molecular 
adsorption 


1 | Coked carbon 1550 = 1410 0.0172 4 
2 | Silica gel 674 -- 644 0.0247 | author 
3 | Silica gel K 440 | 430 422 | 0.0401 | [8) 
4 | Aluminosilica gel | 240 240 249 0.0463 | [9 
5 | Aluminum oxide 155 158 {46 0.0281 | author 
6 | Carbon black $0.4 | 88.7 83.1 | 0.0160 0) 
7 | Bone charcoal 28.9] 26.4 28.3 | 0.0297 a 
8 | Barium 

sulfate 9.7 9.65 9.6 | 0,0169 | 


bent, i. e., the greater the value of n, tie mean number of layers which can be absorbed on the pore walls, For 
finely porous active carbons with n s 1, the value of wo/v is equal to volume of gas, a,,, which ts adsorbed in 
the monomolecular layer, When plotted in the coordinates of Eq, (2) the experimental points, in this instance, 
fall on a straight line which cut the axis of ordinates at a point K with the ordinate C = log am. 


On the basis of what has been said it can be concluded that the value of a, may be obtained for any ad- 
sorbent by extrapolating to the axis of ordinates (p/ps = 1) the linear portion of the isotherm plotted in the in- 
dicated coordinates, This amounts to assuming that Eq, (2) describes the adsorption of the first layer of mole- 
cules and that deviations at high p/p, values result from adsorption in the second and in subsequent layers, 


This supposition is fully confirmed by our own data and by the data of other investigators on the adsorp- 
tion of nitrogen at low pressures, In Fig, 2 there are given isotherms for the adsorption of nitrogen at 77-78° K 
on eight different adsorbents with surface areas ranging from 10 to 1500 m?*/g, In the coordinates of Eq. (2) all 
of these isotherms have linear sections at p/p, values ranging from 107*-107* to 0,01-0,02, i, e., at © values 
from 0,3-0,5 to 0,75-0.9. Thus it can be considered that a marked filling of the second and of subsequent layers 
begins when the filling of the first layer is 75-90% completed, 


A comparison of the values of the specific surfaces as obtained by various methods fs given in Table 1, 
The investigators who carried out the measurements on coked charcoal (7) determined fts surface by the Lang 
muir equation since the BET method proved to be inapplicable, The value obtained by them was 1744 m*/g. 
More precise results are given by the method of [12] which is based on the complete BET equation and involves 
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log a (nem*/ 

N 

8 


log a (ncm?/2) 


a 


Bee. 
(log P/P,? (log P/P,)2 
a b 


Fig. 2, Adsorption isothernis for nitrogen at 77-78° K in the coordinates of the equation of 
M, M, Dubinin and L, V, Radushkevich, The figures on these curves correspond to the num= 
bers of the specimens in Table 1: a) specimens 1-4, b) specimens 5-8, 


rather complicated calculations, The determination by this method gave the values n = 1,20, C = 187 and 
am = 356 nem*/g, i. e., S = 1550 m?/g, In the other cases, the values of S were calculated by the usual me- 
thod and have been taken without change from the respective papers, 


As ts to be seen from Table 1, the divergence between the results which were obtained by the BET method 
and those resulting from the proposed procedure, amounts on the average to 4%, and reaches 9% for the coked 
charcoal which has very fine pores, The advantage of the proposed method is to be found in the fact that it 
makes possible a trustworthy determination of the surfaces of all adsorbents,even including the finely porous 
active charcoals, In addition, a method based on the measurement of adsorption at low pressures fs convenient 
for the determination of the small values of the surfaces of nonporous substances, For fixing a surface it ts suf- 
ficient to measure the adsorption at 2-3 points with p/p, = 107-107? (p = 0,1-10 mm Hg for nitrogen at 77.4°K), 


Equation (2) takes the ‘following form: 


leg (3) 


Representing the tsotherms for various adsorbents in absolute units amounts to an equidistant displacement of these 
isotherms to the coincidence of point K with a point corresponding to the volume of the monomolecular layer 
adsorbed per untt of surface (10,2 pmoles/m? for nitrogen at 77.4° K), 


As is to be seen from Table 1 (D values) and from Fig. 2, the absolute adsorption fsotherms for nitrogen 
on various adsorbents considerably differ from one another in the monomolecular region, a fact pointing to the 
perturbing action of the constriction of the pores, The coefficient D, which is approximated from the adsorption 
fsotherms for nitrogen on powdered quartz and on coarsely poroussilica gel [13], is equal to 0,04, This ts in good 
agreement with the values for the coarsely porous adsorbents 3 and 4 in Table 1, Thus the absolute adsorption 
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tsotherms for nitrogen on coarsely porous adsorbents at 77,4° K is characterized in the region under consideration 
by a D value equal to 0,040-0,945, 


Thus the equation of M, M, Dubinin and L, V, Radushkevich describes with accuracy the monomolecular 


adsorption of nitrogen on vartous adsorbents at O valucs cqual to 0,4-0,8 and by its use one is led to a new me= 
thod for the determination of the specific surface arcas of adsorbents, 
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THE KINETICS OF THE DECOMPOSITION OF DIAZOMETHANE 
IN A STREAM OF NITROGEN 


P. S. Shantarovich 


(Presented by Academician V, N, Kondratyev, April 6, 1957) 


The methylene radical, CH, takes part in a series of chemical reactions and the study of its interaction 
with the molecules of various substances (Hz, O3, CH, .. .) is therefore of particular interest for chemical kinctics, 
Since, however, methylene fs itself a decomposition product it becomes necessary to study the kinetics of the 
breakdown of those substances which might serve as sources af CH, radicals, Taking into account the fact that 
the life time of methylene varies, depending on the conditions of its preparation and the nature of the surround- 
ing medium [1), we considered that it would be possible with the method of thermal decomposition of diazo- 
methane in an inert gascous medium to obtain Ctl, in its normal condition and to study its reactivity, 


Several papers are to be found in the literature in which there are presented the results of qualitative ob- 
servations on the decomposition of diazomethane (2, 3), Their authors have brought forward certain arguments 
in support of a monomolecular mechanism for the initial step; CH,N;—> CHg + N32. By the mirror method direct 
confirmation has been given of the formation of CH, as the initial product of the breakdown of CH,N;, [4]. 


Methods and Results 


Diazomethane, obtained by the decomposition of nitrosomethylurea in an alkaline medium, was dissolved 
in cold dibutylphthalate from which it was then carried into a receiver by a stream of pure nitrogen, Thus the 
concentration of CH N3 in the gas could be varied, 


In preliminary experiments it was established that 
only in an inert gaseous medium can the slow, continu- 
ous breakdown of diazomethane be observed at high 
temperatures, It was at the same time proven that at 
sufficiently high dilution, and with appropriate valucs 
of t and o, ethylene fs, aside from Ng, the sole product 

a of the complete breakdown of diazomethane, The un- 
reacted diazomethane can be separated out, either by 
low temperature distillation with subsequent complete 

Fig. 1. The kinetics of the decomposition of CH,N, decomposition in a stream of nitrogen or by adsorption 

in Ng under stationary conditions, by benzoic acid and analysis of the gascous residue, 


In Table 1 there are shown the results of observations on the decomposition of CH3N; in a stream of nitro- 
gen, In Column 3 there is given the amount of C,H, which was separated out of the discharged reaction gases 
and in Column 5 the amount of ethylene which was obtained on decomposition the unreacted diazomethane, 
The sum of these quantities gives the content of CH,N, in the initial mixture and their ratio the extent of de- 
composition, In the last column of the table there are given values of the velocity constant, calculated for a 
reaction of first order, From all of this data it follows that the slow dceomposition of diazomethane proceeds 
according to the equation: 


Cl IN, N; 


7 

. 
q 
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Thus under stationary conditions, the relation: 


ZAP © 09 (1) 


ts valid for this reaction,x (mm)bcing the amount of decomposed CHyNg. In Fig, 1 there are presented the results 
of calculations on the kinctics of the decomposition of diazomethane, using a first-order reaction law and includ- 
ing the theoretical relation (1), The good agreement of the experimental points with the calculated curve con- 
firms the mechanism of decomposition of diazomethane and the relationship between the resulting products, At 
higher concentrations of diazomethane in the gaseous mixture (CH3Ng + Ng), the calculations agree with the ex- 


perimental results only fn the initial stage of the breakdown when there fs an absence of complications from se- 
condary reactions, 


TABLE 1 
The Breakdown of CHgN, in a Stream of Nz. P = 20 mm, t = 381° 


5 8 g d a. 2 

3 cm! em? cm3 cm? go fats} 
8.90 | 0.03 | 46.76/93.56] 3.30] 6.60] 1.06 | 9.212] 6.59]0.1981] 2.27 
4.75 | 0.52 | 9.14] 18.28] 20.06] 40.12] 1.44 | | 2.25 
4.15 | 0.49 | 3.39) 6.78] 7.90] 15,80] 0.52 [0.104 | 2.62 
2.05 | 0.14 | 7,20] 14.40] 3.05] 6.10] 1.00 0.200) 29.75) 0.444 | 2.53 
3.55 | 0.08 3.72) 7.44] 1.20 10.240) 17.46]0.198 | 2.40 
4.72 | 0.53 [14.98 | 23.82 | 26.32 152.65] 1.62 10.324) 68.86]0.101 | 2.20 
A.50 10.501 4.835] 9.66112.50) 25.00) 0.77 [0.1541 72.14}0.043 | 2.55 
4.00 | 0.35 113.77 | 27.54 | 19.23) 58.46) 1.10 10,220) 58.27)0.092 2.80 
4.40 | 0.50 | 6.40] 12.80) 15.60)31.20] 10.200] 70,90]0.057 | 2.50 


The Temperature Dependence of the Rate of Breakdown of Diazomcthane 


It can be supposed that in the breakdown of ClI,N, secondary reactions take place between the CH, and 
the initial diazomethanc, 


Cl I; + Cl CI I, -+ N3. 


The results of kinctic investigations and, especially, very sensitive experlinents with Te mirrors, show, however, 
that this reaction involves a high energy of activation or, in all likelihood, a high degree of steric hindrance, 

It follows from our experiments that a relatively small increase of tic temperature of the decomposition of 
CH4Ng (in the interval up to 500°) sharply diminishes the time required for removal of a standard tellurium mir- 
ror, a fact which can only be explained by the low probability of Reaction (II) in the temperature range up to 
500°, Thus the yicld of ethylene {s the result of the mere recombination of the methylene radicals, the {nitial 
products of the decomposition of diazomethane, From the log K vs 1/T relation we find the value E = 31,750 
cal, The complete expression for the rate constant for the thermal decomposition of CH Ng will have the form: 


31750 
K == 0.8-10%e 
N 
The value for E applies to the process of redistributing the bonds in the diazomethane molecule ‘ “nH, 


this leading to the formation of two new particles: CH, + Nz. The magnitude of the cocffictent of the exponen- 
tial in the expression for K seems completely reasonable if comparison is made with the expression for the con- 
stant for the breakdown of nitrous oxide, a reaction in which the decomposition products are of similar nature, 
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The Mcchanism of the Decomposition of Diazomethane tn a Stream of Nitrogen 


Through the study of the temperature dependence of the rate of decomposition ft has been established that 
the course of the logarithmic curve (Fig. 2) changes at t = 500° with the result, as it proves, that the constitution 
of the decomposition products fs also altcred, Ethanc, acctylenc, and, in a small amount (1,0-1.5%), butane 


and propylene appear along with ethylene, the principle reaction product, The reaction tube becomes covered 
with a layer of carbon, . 


& 


ases 
cm? CH,N3) 


60,4 


(em3/11 
Ss 


Yield of 


0 $30 0 


Fig, 2, The temperature dependence of the rate of = Fig. 3,. The temperature dependence of the yield of the 
decomposition of CH,N3 in a stream of nitrogen, decomposition products from CH3N. CoHN, = 2.62%, 


The alteration of the hydrocarbon make-up which results from varying the temperature of the CH,N, de- 
composition is shown in Fig, 3, The dotted curve indicates the amount of CO, which was obtained by burning 
the carbon deposited on the walls of the reaction tube, These results, which have been obtained by mass spec- 

_troscopic and by chemical analyses, give adequate grounds for considering that under the conditions of our ex- 
periments the mechanism of the thennal decomposition of diazomethane is covered by the following series of 
reactions: 


CI Cl I, Nz. cl 1, Cl 1. 
3. ‘CHIN, ~* C31 N; 
4. CH 4 cit 


Calla (C 4H) 


4’. CH, Cl Cl CH + 
(C +H) 


5. + H-- I, + H,. 6. C31 I; Cl I, C,! Cl I, ++ I, Iq. 


It ts clear that the first two of these reactions are basic processes for the decomposition of diazomethane which 
can be realized under all conditions, Att < 450° and in an inert gascous medium this reaction path ts clearly 
the only one which can be considered as completely established, At t = 500° secondary reactions of the methyl- 
ene radical become possible, Of these, reactions 5, 6, and 7 are of small significance, The maximum total 
yield of the higher hydrocarbons (LC + C4) exceeds 1.5%, 


The mechanism of the formation of cthane possesses special interest, It is clear, however, that its appear- 
ance in the decomposition products can be explained in only two ways: cither by reactions of disproportioning 
the methylene radicals (4) or by interaction of the latter with the original molecules of diazomethane (4°), It 
is impossible to give a convincing argument looking cither to an exclusive selection of one of these possible 
reactions or to fixing the share of cach in a combined action, Completely analogous conditions are also to be 
found in the reaction of the decomposition of ketene, Thus from thie temperature dependence of the yicld of 
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ethane (att > 500°) in the decomposition of diazomethane or of ketene, It ts not possible to establish the mag- 
nitude of the activation energy for the reaction of disproportioning the methylene radicals, From the course of 

the curves showing the formation of Cal, and Cytl, (Fig. 3) tt is only possible to suppose that this quantity must 

be of the order of 18-20 kcal, 2 : 
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A POLAROGRAPHIC-INVESTIGATION WITH A BACKGROUND 
OF MOLTEN BORAX. 


THE POLAROGRAP HY OF COPPER AND CADMIUM 


Academician, Acad, Sci, Ukr SSR Yu, K, Delimarsky and 


K. Kalabalina 


The polarography of molten saltshas recently attracted more and more attention [1, 2}. The direct polaro- 
graphic analysis of melts (metallurgical slags and industrial molten electrolytes) has considerable practical interest, 
In this respect, however, the oxides have been less thoroughly investigated, In the present communication there 
are presented the results of a polarographic study of oxides of copper and cadmium dissolved in molten borax, 


This study was carried out on an automatic record- 
ing polarograph, to which there was connected a M 21-2 
mirror galvanometer with a sensitivity of 1.5-10°? amp/mm, 
wa An unglazed porcelain crucible served as the electrolysis 
cell, The cathode was a platinum wire, 0.25 nim in dia- 
J00 meter, and the anode a plate of 2.5 cm? area, Renewal 
of these electrodes by depolarization was brought about 
| 135 by short circuiting them, The experiments were carricd 


out at 820°, In Fig, 1 there are shown polarograins of 

CuO and CdO at identical concentrations and also a 

~ 150 polarogram of the background, which decomposes at a 
potential of 1,34 v, For both of these oxides we have 

established a direct proportionality between the strength 

of the diffusion current and the mole fraction of the dis- 

solved oxide 


0 02 04 06 08 12 ig = KN, (1) 
Pit eg Black and DeVrics (3) have found that the polaro- 
Fig. 1, The polarograms of the oxides of copper gram for a KC1—ZiCI—NiCl, melt, obtained with plati- 
(Noyo = 9.009675) and cadmium (Noga = 9.0060), nun electrodes and at a temperature of 413°, is satisfac- 
and borax (background), t= 820°; 6 = 1/2500, torily described by the equation of Kolthoff and Lingane [4] 


In certain earlier investigations (5-7) it has been shown that the polarographic waves obtained with platinum 


electrodes in molten salts are described, not by Eq, (2), but by the Geirovsky-Ikovich equation: 


E cE 2.3 RT, é 
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Fig. 2, The dependence of log 


Ila 
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(curves a) 


and log (ig — {) (curves b) on the applied potential: 
I) for copper oxide (Noyo = 9.00194), MH) for cad- 
mium oxide (Ncgo = 0.0060). 


In order to clear up the question as to which equa- 
tion would describe polarographic waves on solid elec- 
trodes in the melts investigated by us, graphs were con- 


structed in the coordinate E, log (iy — 1) and E, log 
The points in question were taken from our experimental 
data, Examples of such graphs are shown in Fig. 2, From 
these it follows that the polarographic waves are described 
by Eq. (3) and not by Eq. (2), From the equation of Kolt- 
hoff and Lingane it follows that the half-wave potentials 
should depend on the concentration, {. ¢., 


+ 2327 togk’f, + 


2.3 RT 


N 


(4) 


N being the mole fraction of the dissolved material, 
Using the graphs constructed from our experimental data, 


values of the half-wave potentials were found and were then compared with the corresponding concentrations, 
The results obtained are given in Table 1, Here there are also included values of tg/N, as well as calculated 

and experimentally determined values of the cocfficient of the logarithmic term in Eq, (3), As ts to be seen 
from this data, the quantity iy/N is nicely constant ata fixed value of the sensitivity, this confirming the validity 
of Eq. (1) and po{nting up the precision of those determinations of the concentrations of oxides in melts which 
make use of measurements of diffusion currents, Since the dependence of Ey, on log N/2 fs not linear, the ap- 
plication of Eq, (4) to the melts investigated by us fs not justified, There are good grounds for speaking here 

of the constancy of the half-wave potentials, a fact which ts in good agreement with Eq, (3). 


TABLE 1 


At 820° the coefficient 2.3 RT/nF of the logarithmic term must have the following theoretical values: 
0,226 for n = 1, 0.113 for n = 2, and 0,075 for n = 3, For copper oxide the experimentally determined coefficient 


most closely corresponds to either n = 2 or n = 1,a fact which can possibly be explained by the occurrence of 


TABLE 2 


Oxide 


Mole 
fraction, 
N 


0.000485 
0.000970 
0.001455 
0.001940 
0.003870 


0.0080 
0.0100 


15.5 0.210 
15.5 0.155 
15.7 0.209 

0.209 


0. 
0.23: 
0.0 

13.5 0,07 
13.0 0,138 
12.8 0.081). 
9.4 0.118 
9.4 0.004 
9.4 0.108 
9.4 0.063 
9.4 0.003 


1/1000 


1/2500 


1/1900 


1/2500 


0.0120 


9.8 79.6 
°K] ig. la] dg. pa [log 
21.6 1.394] 1048 
1061 | 33.6 [4.526] 1078 | 26.2] 1.418 
1083 | 41.3. 11.616] 1093 31,7 ] 1.501 
1109 | 65.3 | 1.815] 1113 | 41.2 | 1.615 
1133 | 75.0 [1.875] 1133 | 47.2 |] 1.674 
1148 | 60,0 | 1.778 


thermal dissociation, 2CcuO 2 + at high 
temperatures, Even at 1008° the pressure of oxygen above 
cupric oxide reaches the value of the partial pressure of 
oxygen in the atmosphere [8]. 


For cadmium oxide the coefficient of the logarith- 
mic term, 


2.3 RT 
nF 


tv b la v 

ast 

1 

| | | | ar 

cud 0.300] 45.4 0.103 
0.432 
0.378 
0.400 
3 0.420 
005805 | 0.378 12.6 0.168 
0.007740 | 0.418 
0.009675 | 0.456 
0.0005 0.884 
0.0015 |0.804 
0.0020 |0.870 
0.0020 10,896 
0.0040 10.896 
0.0060 10.874 
0.885 
lo.asal 9.4 | 0.098 | | 
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corresponds to either n= 2orn=3, This latter value 
is understandable {f complex fons are assumed to exist 
in the melt, 


For melts containing CdO, the temperature depen- 
dence of the diffusion current was developed over the 
interval from 760 to 875°, The results of these expert- 
ments are given in Table 2, 


“ It is to be seen from Fig, 3 that graphs constructed 


in the coordinates log fy ,1/T are almost linear, this 
indicating the validity of the equattons: 


Fig. 3, The temperature dependence of the diffusion 
current in melts containing cadmium oxide, a) Ncgo*= 


B (5) 
0,006; b) Ncgo = 0,008, In A om 


U 


with A = Ink and B = U/R, 

From the value of the slope of the straight line representing Eq, (5) it {s possible to calculate the energy of 
activation, which, for our case, proved to be equal to 31.27 kcal/mole, 
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A DIELECTRIC INVESTIGATION OF THE PHASE TRANSFORMATIONS 


IN THE SYSTEM SOAP — HYDROCARBON — WATER 


Corresponding Member Acad, Sci, USSR, A. V. Dumansky and Yu. F, Deinega 


The phase structures of soaps determine in many respects the action of the latter as thickeners in lubrica- 
ting greases, The solvents and the hydroxyl-containing compounds which are added to them have a considerable 
effect on the temperatures of phase transitions in soaps [1], The determination of the relationship which exists 
between the phase transformations in a soap and in a system which has been thickened with this soap possesses 
much interest, For this purpose various methods ~ thermal, x-ray and optical analyses, etc, — are used, since 
it is necessary to apply several independent techniques in order to disclose the various phase transformations, 


e 

80S 
Fig. 1. The temperature dependence of the diclec- Fig. 2, The temperature dependence of the dielec- 
tric constant in the system calcium oleate-xylene: tric constant in the system calcium oleate-xylene- 
a) 1 kilocycle per second, b) 10 kilocycles per se- water (polyhydrate):; a) 1 kilocycle per second, 
cond, c) 50 kilocycles per second, d) 450 kilo- b) 10 kilocycles per second, c) 450 kilocycles per 
cycles, e) 1,5 megacycles per second, Concentra second, d) 1.5 megacycles per second, Concentra- 
tion, 80 g per 100 mi of solvent, tion, 80 g per 100 ml of solvent, 


In studying the phase transformations in a soap-hydrocarbon system, we have resorted to measurements of 


the dielectric constant, the diclectric properties of many substances being substantially altered as a result of struc- 
tural transformations [2]. 


In an investigation of the temperature dependence of the dielectric constant, Doscher and Davis [3] showed 
the existence of phase changes in the system sodium stearate-cetane-water, 


As the subject of study we have selected the xylenc-calcium oleate system, this being characterized by 
phase transitions at low temperatures, According to the data of Trapeznikov and Zakieva [4] phase changes 


exist at 50-55° and 75 -80° in the calcium oleatc-water system, and at 50° and 71,5° in the calcium oleate-water= 
-Velosite system, 
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Capacity measurements over the intcrval from 1 to 10 kilocycles per second were carried out on an audio- 
bridge and, over the Interval from 50 kflocycles to 1,5 megacycles per second, on a Q@meter, In order to allow 
for the capacity of the supply leads in the calculation of the dielectric constant, measurements were made with 
a standard liquid (m-xylene), The error in the dielectric constant determinations varied with the method employed, 
the frequency and the magnitude of the constant itself, On the average this error amounted to 1-5%, . 


Figure 1 presents the results of measurements of the temperature dependence of the dielectric constant in 
& system containing 80 g of calcium oleate dissolved in 100 ml of xylene, The effect of additions of water ts 
shown in Figs, 2 and 3, In all of the investigated systems the dielectric constant diminishes with an increase of 
frequency, This effect fs especially pronounced in those systems which contain water, As the frequency increases 
the € vs ¢ curves level off, The marked dependence of the diclectric constant on the frequency points to a low 


frequency Maxwell-Wagner polarization such as exists in the presence of two phases differing in dielectric con- 
stant and in conductivity [5]. 


From Fig, 1 it is to be seen that an increase of tem- 
perature in a water-free system brings about aa increase 
in the dielectric constant as a result of the weakening of 

bf the intermolecular action, This relationship ts especially 
clear cut at the lower frequencies, 


Water exerts a marked influence on the dielectric 


4 properties of a system, First of all, the minimal values 
“5 of the dielectric constant attract attention, On intro- 
c ducing water into a system to the extent of 0,5 moles 
6 —— per 1 mole of soap, a minimum value ‘fs observed for the 
dielectric constant at 55°, i, e,, at the temperature of the 


first phase change. Increasing the water content to 1 molc 
per 1 mole of soap moves this minimum on the € vs t 
curve in the direction of low temperatures, An excess 
Fig. 3, The temperature dependence of the dielec of water above this amount fs without influence on the 

position of the minimum, Doscher and Davis have noted 
tric constant in the system calcium oleate-xylene- 
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water (monohydrate): a) 1 kilocycle per second, a correlation between the temperatures of the phase changes 
and the minima of the dielectric constant in the soap- 

b) 10 kilocycles per second, c) 450 kilocycles per £31 

second, d) 1.5 megacycles per second, Concentra= y = ‘ 

tion, 30 g per 100 ml of solvent, The diminution of the dielectric constant fs clearly 


connected with the increased interaction of the polar 
groups of the soap molecules which results from phase transformations [3], The displacement of the minimum 
in the dielectric constant which is observed in a system containing 1 mole of water per 1 mole of soap gives in- 
dication of a lowered transition temperature for tie monohydrate of calcium oleate in the hydrocarbon, Thus 
the addition of water to the soap leads to a decrease of the phase transition temperatures, Free water, which 
does not interact with the soap, is without influence on these temperatures, 


The higher values of the dielectric constant in systems containing water, as compared with the water-free 
systems, is the result, first, of the hydration of the soap molecules, which increases their polarity and, second, 
of the peptizing action of water, The special role of water in the structure of soap-hydrocarbon systems was 
also noted in studies on their mechanical, thermal and optical properties [6]. 


It has been established that the heating and cooling curves of this system differ considerably from one 


another because of supercooling, The dielectric constant proved to be sensitive also to recrystallization in the 
system, a process which continues over several days, 


Thus a study of the diciectric constant can give valuable information concerning the phase transformations 
in a soap-hydrocarbon-water system, 
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THE INFLUENCE OF GASES ON THE FLOATABILITY OF CERTAIN NONSULFIDE 
MINERALS AND ITS DEPENDENCE ON THEIR CRYSTAL STRUCTURES 


V.V. Bakakin, Corresponding Member Acad, Sci, USSRI, N, Plaksin and 


E. Chaplygina 


A study of the influence of gases on the flotation of nonsulfide minerals has made it possible to establish 


those various adsorptive and flotational properties of fluorite and barite which result from their interaction with 
gases [1]. 


Thus even in the absence of a collector, fluorite will float in pulps with a high concentration of dissolved 


oxygen whereas barite will enter into the froth, even at the highest oxygen saturation in the pulp, only if a collec- 
tor is present, 


It has been noted that an extended treatment with nitrogen is without essential influence on barite which 
has earlier been subjected to the action of oxygen, the barite stubbornly retaining its previously acquired ability 
to float, In distinction from barite, the floatability of fluorite is diminished by an insufficiency of oxygen in the 
pulp and the flotation effect which is achieved fs the greater, the higher the concentration of oxygen in the solu- 


tion, After a careful treatment with nitrogen, fluorite loses its ability to float and the collector adheres to the 
mineral, 


Investigations which were carried out on pure minerals — fluorite from the Transbaikal region and barite 
from the Turkmen SSR — using the precision apparatus described earlier in [10] have confirmed the facts outlined 
above, These experiments were performed with mincrals having grain sizes of 0.1-0,074mm; the mineral batch 


amounted to 20 g, the dosage of sodium oleate was 50 g/ton and the flotation was carried out without addition 
of alkall, sol,: liq, being equal to 1:5, 


The preparation of the minerals for the experiment, the removal of oxygen from the water and the flotation 
were all carried out in a current of argon (purity, 99.95%) and nitrogen (purity 99.50%) the latter having been 
freed from the contaminating oxygen in an electric furnace which was filled with granulated copper oxide, Ac= 
tive copper was obtained by reduction with hydrogen during heating of this furnace to 450° [2], Analysis for the 
insignificantly small amounts of oxygen in the purified gas was by the colorimetric method of Mugdan [3], The 
nitrogen employed in these experiments was free of oxygen, 


Experiment showed that 44% of the fluorite went over into the concentrate as a result of flotation in a pulp 
with a normal concentration (9,55 mg/liter) of dissolved oxygen, After carefully removing the adsorbed oxygen 
from the surface of the mineral and decreasing the oxygen concentration in the pulp to 0,20 mg/liter, the float- 
ability of the fluorite sharply diminished, the yield of mineral in the froth amounting to only 4-5%, As the con- 
centration of the oxygen in the pulp was raised to 7 mg/liter, then to 33,88 mg/liter and finally to 41.35 mg/liter, 
the yield of fluorite in the concentrate also increased, rising to the respective values, 15,15, 53,20 and 81.20%, 


At high concentrations of oxygen in the pulp the time of flotation was cut by a factor of 2, going from 15-20 to 
6-10 minutes, 


Under similar conditions, flotation experiments in nitrogen and argon showed no pronounced decrease in 
the floatability of a barite, the surface of which had been earlicr altered by treatment with oxygen, In floatation 


of pulps at the lowest oxygen concentrations (0,17-0,20 mg/liter), the extraction of barite in the concentrate re= 
miained fixed at 95,8-97%, 
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Fig. 1. A projection of the structure of fluorite, Fig. 2. A projection of the structure of barite, BaSQ,, 
CaF, on the cleavage plane (111). on the cleavage plane(010), 


All of this indicates that the flotational activity of barite {s changed only slightly by an altcration of the 
concentration of oxygen in solution provided that oxygen has earlier been adsorbed on the barite surface, On the 
other hand, the flotation of fluorite depends to a marked degree on the oxygen content of the pulp; the intro- 
duction of oxygen into solution makes possible a better flotation of the fluorite, increasing the rate of adhesion 
of the particles to the air bubbles and diminishing the flotation time, The collecting action of sodium oleate 
increases with an increase of the oxygen concentration in the one phase, 


The above established relation between the flotational behavior of fluorite and barite can possibly be ex- 
plained in terms of peculiarities. in crystal structures, account being taken of the fact that the disintegration which 
occurs in minerals during a grinding process is for the most part along cleavage planes, {. e., along planes which 
have definite crystallographic and crystallochemical properties, and that the molecularephysical properties of the 
surfaces thus formed are determined by their chemistry and topography. 


In Figs. 1 and 2 there are shown projections of the fluorite and barite structures on their cleavage planes® 
[4-6]. The diminution in the intensity of coloring indicates the degree of recession of the fons below the sure 
face. In these figures values are given for tie uncompensated electrostatic charges; for barite the calculation 


of these latter has been carried out very approximately, no account being taken of the degree of covalency of 
the bonds [7], 


In fluorite there {s observed a uniform distribution of positive and negative charges of equal magnitudes, 
The difference in the spacing of their centers {is not great (0,785 A with the fonic radii, calcium 1,04 A and 
fluorine 1.43 A), The hollows above the fluoride ions of the lower layer are relatively small and they are screened 
by the fons of the overlying layers, Thus the fluorite surface is distinguished by a low relief and the molecular 
field of its surface {s characterized by its uniformity and by the small value of its intensity, the individual un- 
compensated electrostatic charges being no greater than Y. 


On the other hand, the surface of barite is charactcrized by a pronounced difference in the values of the 
uncompensated charges and by a sharply expressed nonuniformity in the distribution of these charges in the faces 
of the elementary cell, Along with a certain “openness® in the fonic distribution and a marked unevenness in 
the distribution (the difference in the spacing of the charge centers in the surface layers am aunts to 2 A with 
the fonic radii, 1.38 A for barium and 1,36 A for oxygen) there results a nonuniformity in the molecular field 


of the surface and an increased intensity of this field in the positions of localization of the active centers, the 
charges with values > 1/5. 


From what has been said there follows first of all an explanation of the difference in the ability of these 
two minerals to undergo hydration, Thus the lowered hydrateability of the fluorite surface as compared with 


* Incomplete cleavage along the (010) plane is used here as most graphically reflecting the character of the 
energetic and topographic differences in the surface layers of the two minerals, 
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the barite which makes (t powstble to speak In certain cases of the natural Moatability of the former results, first, 
from a smaller value for the uncompensated charges and, second, from a more unfavorable ratio between the 
areas of the absorbed water molecule and the “elementary cell® of CaF, [8]. This last implics that the cross- 
sectioned arca of the molecule fs large in comparison with the ficld of action of the corresponding fon and that 
a part of the molecules cannot move up to direct contact with the attracting fons, In addition, the relative uni- 
formity of the surface and the absence of strong charges favor instability and mobility tn the hydrate layer, 


In a similar fashton, the pecularities of the molecular field of the surface determine the behavior of gases 
dissolved in the pulp, the tnteraction of these gases with the mineral surface leading to physical adsorption if 
chemical effects are left out of account. As a result of the screening of the strong field of the surface by the 
adsorbed inolecules there is a change in the surface's ability to hydrate, On the regularity of the dipoles in this 
hydrate film there depends in turn that diffusion of gas to the surface, which must precede adsorption, Clearly 
there fs a direct relationship between the degree of hydration of a surface and the adsorption of gases by it. 


The increase of the hydrophobic character of a surface which results from the physical adsorption of gases 
from solution should in general be related to the value of the intensity of the surface field, This is a reciprocal 
relation: the smaller the field intensity, the greater the eficct of screening it by adsorbed molecules, For ex- 
ample, oxygen without a collector exerts no effect on the flotation of barite or quartz [1] (“strong” fields) but 
considerably improves the flotation of fluorite (a “weak” field) even to the extent of making it possible to float 
the latter in highly saturated pulps without a collector, 


The frreversibility of the effect of oxygen on the flotation of barite fs in all likelihood connected with 
the especial stability of the binding of a part of the oxygen molecules atdefinite centers on the barite surface, 
the inhornogencous nature of this surface fully justifying such a conception. Here there is met a case in which 
there must be taken into account not only the physical character of the adsorption but also the possibility of 
a superimposed chemical effect. This question demands special consideration and in the present work we limit 
ourselves simply to this remark, 


In the case of oxygen, a strongly electronegative element possessing an affinity for electrons, a supcrim- 
posed chemosorption is undoubtedly present in view of the fact that a majority of the crystals contain some sort 
of microdefects (9] which lead to nonuniformity in the surface energy states and serve as adsorption centers, 
Obviously the chemosorbed fons or molecules of oxygen can in their turn activate the surface of the adsorbent, 
or at least a definite portion of it, permitting the subsequent adsorption of the molecules of the collector, It {s 
exactly this side of the specific action of oxygen which leads in the general case to an enhanced action in ad- 
sorption and flotation as compared with other gases, | 
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THE MECHANISM OF FUSION OF ORGANIC GLASSES 


N. A. Grishin, Voyutsky and M. M, Gudimov 
(Presented by Academician V, A, Kargin, April 18, 1957) 


The nature of the phenomena which Me at the bas{s of the important practical process of fusing organic 
glasses has until recently remained unclear, Starting from the widely held opinion that adhesfonal phenomena 
result solely from the action of molecular forces [1, 2], the attempt can be made to reduce the fuston of organic 
glasses toa softening of the abutting surfaces of the high polymers with a resulting increase of the true surface of 
contact, As was shown in [3, 4], however, the action of the molecular forces is in itself completely insufficient 
to assure more or less considerable forces of 2 S.csion between two high-molecular specimens, even ff these spect- 
mens are brought into the very closest contact. 


It ts also impossible to draw on the electrical theory of adhesion, as proposed by Deryagin and Krotova [3, 
5], for the explanation of the mechanism of glass fusion since autoadhesion (autoadherence) {s involved here and 
the formation of an electrical double layer {s unlikely, 


The phenomenon of fusion of organic glasses can be most simply explained on the basis of the diffustonal 
mechanism of autoadhesion [6-10]. 


In the present communication certain experimental data are presented to support the claim that the fusion 
of glasses involves the diffusion of molecular chains, or even segments, of the one specimen into the other. This 
work was carried out on the plasticized and the unplasticized forms of an industrial organic glass — polymethyl- 
methacrylate — which contained 6% dibutylphthalate, 


Two rectangular plates of the organic glass with plane milled edges were inserted between two slabs of a 
thermal insulating material; the ends which were to be fused together were pressed one onto the other by a force 
directed along the plane of the plates and the region of contact was heated with narrow electrical resistance heaters 
which were inserted in the slabs, The fusion apparatus permitted the force of compression to be varied over a 
rather wide interval, The presence of the slabs in the apparatus precluded any appreciable deformation of the 
specimens, which as a result of heating are softened at the point of contact, After reaching the desired tempera- 
ture, which required 15-20 minutes, the specimens were held in position for a definite period of time (the time 
of fusion) and were then cooled without being taken from the apparatus, 


In certain cases the fused specimens thus obtained were subjected to a supplementary thermal treatment, 
In practice thermal treatment of fused specimens is resorted to in order to eliminate residual strains in an organic 
glass and to diminish the deformation in the region of the weld. 


The tensile strength perpendicular to the plane of contact was measured in the fused specimens, use being 
made of a dynamometer of the type usually employed forsuch purposes, As a rule, rupture in the fused specimens 
occurred along the surface of initial contact, 


It is significant that during loading of the specimens up to rupture no lack of uniformity in the strain dis- 
tribution could be observed with polarized light in the plane of the fused seam, On this ground it can be considered 
that the values obtained for the rupture resistance are quantitatively characteristic of the autoadhesional strength, 
It should, however, be noted that the autoadhesional strength o, evaluated in this way, is not completely deter- 
mined by the diffusion of the macromolecules, or of their segments, at the time of welding. Naturally, diffusion 
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Fig. 1. The relation between the autoadhestonal strength of speci- 
mens of plasticized polymethylmethacrylate and the pressure during 
fusion: 1) fusion temperature, 125°; 2) 135°; 3)150°; 4) 160°; 

5) 190°, 


min 


Fig. 2, The relation of the autoadhesfonal strength of specimens 
of plasticized polymethylmethacrylate to the duration of fusion: 
1) fusion temperature 125°; 2) 135°; 3) 150°; 4) 160°; 5) 190°, 


{fs continuing, both at the end of the heating period of the specimen and at the beginning of the cooling period, 
but since the conditions of heating and cooling were always the same, diffusion in these periods could not essen- 
tially affect the regularities which have been established by us. 


In Fie, 1 there is shown the relation between the autoadhesional strength of specimens of plasticized poly- 
methyl methacrylate and the pressure, at various Fusion temperatures, The duration of fusion amounted to 15 minutes, 
In their general character the curves of Fig. 1 resemble: similar curves for polyisobutylene [7]. The autoadhesional 
strenyth incrcases with an increase of pressure an! tends toward a definite limit, The higher the temperature the 
less docs the strength increase with rising pressure, This ts to be explained by the fact that with the softening of 
the material there fs a decrease in the pressure which {s needed for realizing full contact of the fused surfaces, 
The fact that the maximum adlesional strength of polymethylmethacrylate lies at considerably higher pressures than 
is the case with polyisobutylene indicates that it is much more difficult to bring about complete surface contact 
in the fusion of rigid glasses, 
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With a relatively short fusion time (15 minutes), the maxtmuta value of the adhestonal strength was reached 


at most of the experimental ternpcratures under a pressure of 20 kg/cem® and we therefore carried out all further 
fusion experiments at this same pressure, 


In Fig. 2 there {s shown the dependence of the autoadhestonal strength of specimens of plasticized poly- 
me thylmethacrylate on the duration of fusion at various temperatures, 


The curves which are presented in Fig. 2 are similar in form to the analogous curves for polytsobutytene 
(7, 8}. That these curves do not begin at the origin for zero time of fusion is of course to be explained by the 
fact that diffusion can take place to a certain degree even in the process of elevating the temperature to the 
fusion point. 


At fusion temperatures of 135-190° the maximum autoadhesional strength is established in a relatively 
short period of time, 10-15 minutes, It is interesting that the limit of autoadhesional strength at the 190° tem- 
perature corresponds approximately to the cohesional strength of the material (700 kg/cm), 


The data which has been experimentally obtained 

on the relationship between the autoadhesional strengths 

kg/cm*® of plasticized and unplasticized polyinethylmethacrylate 
te 15} «and fusion teinperature is presented in Fig, 3, In these 


60 —+- 4--}-4--f---F te —}*4 experiments the duration of fusion amounted to 15 minutes, 
After fusion, a part of the specimens of plasticized poly- 
methylmethacrylate were subjected to thermal working for 

69 minutes at 135°, 


200 7 we / Bead As can be seen, in the case of plasticized polymethyl- 
- VA / | methacrylate the autoadhesional strength reaches its limit at 
150°. This limit is approximately equal to 500 kg/cm? 
M0 1200 WO 0 220° and does not change with the fusion temperature over the 
150-180° range, However, at temperatures somewhat 
Fig. 3. The relationship between the autoadhesional above 180° the curve once more mee! | rises and the auto- 
strength and the temperature of fusion for: 1) un- adhesional strength reaches 700 kg/cm’, a value which 
plasticized polymethylmethacrylate, 2) plasticized corresponds to the cohesional strength of the material in 
polymethylmethacrylate, 3) the same, but the fused the weld zone, The significant decrease in the strength 
samples were subjected to an additional thermal at temperatures above 210° is in all likelihood the result 
treatment. of the thermal destruction of the material, 


The two-stage character of the curve of autoadhesional strength vs temperature can be explained by the 
fact that over the 150-180° temperature interval the polymethylmethacrylate is in the high elastic condition, 
this state there can diffuse only separate portions of the molecular chains but not entire molecules, this resulting 
in a lower value for the autoadhesional strength than for the cohesional strength, The course of the curve in the 
temperature interval from 150-180" is almost a parallel to the axisof abscissas and points to an invariant mechan- 
ism of autoadhesion in the region of the high elastic state. 


At.temperatures above 180° the high polymer goes over into the condition of a viscous fluid in which dis- 
placement of the separate macromolecules with respect to one another becomes possible, Under these conditions 
the diffusion of molecules as a whole leads to the complete regeneration of the high-polymer structure in the zone 
of contact, As a result the material becomes monolithic and rupture experiments give values which are equal to 
the cohesional strength, The exhaustion of the heterogeneous material in the region of the weld is indicated by 
the fact that here rupture of the specimen frequently occurs at a position other than that of the weld. 


However, it fs possible that the high temperature regeneration of the polymer structure in the weld zone fs 
also aided by the disintegration and recombination of the high polymer molecules which takes place under these 
conditions, The great significance of such phenomena in the flow of cellular high polymers under the action of 
large forces has been recently pointed out by Sogolova and Kargin [11]. 


The curve for plasticized polymethylmethacrylate has the same character, but is displaced to the left, the 
plasticizer lowering the temperatures for transition of the high polymer into both the high elastic and the viscous 
fluid condition. 
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With fusing temperatures above 135° the curve for specimens of a plasticized high polymer which have 
been subjected to subsequent thermal treatment merges with the curves for these same specimens when unworked, 
At lower fusion temperatures the adhesional strength ts considerably higher in the case of thermal treatment, 
This is also completely understandable: with fuston temperatures below 135°, a comparatively long thermal 
treatment at 125° results in the deeper penetration into the one polymethylmethacrylate specimen of separate 
portions of the macromolecules of the other specimen thus aiding in the increase of the autoadhestonal strength. 
At weld temperatures above 135°, thermal treatment at 135° ts ineffective. 
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THE ROLE OF HYDROGEN ATOMS IN THE REACTION OF CATALYTIC 
OXIDATION OF HYDROGEN ON PALLADIUM 


B. Kazansky and V. Voevodsky 
(Presented by Academician N, N, Semenov, April 12, 1957) 


Despite the fact that the reaction of catalytic oxidation of hydrogen on the metals of the platinum group 
has been studied by a great number of authors, the mechanism of this reaction fs still unclear at the present time, 
It is not even clear whether the reaction procetds according to.a chain [1-3], a radical [4-6] or a molecular 
(2, 7) mechanism, Ionic mechanisms are also possible (8}. In the work of Wagner and Hauffe [2] the mechanism 
of the catalytic oxidation of hydrogen on metallic palladium was studied by comparing the equilibrium concen- 
tration of atomic hydrogen with the stationary concentration on the catalyst surface.during the reaction, The 
authors arrived at the conclusion that a chain mechanism was possible for this reaction, The question of chain 
mechanisms in heterogeneous catalysis has recently been subjected to a detatled theoretical consideration in a 
number of papers, In this connection {t scemed to us to be of interest to independently confirm the conclustons 
of Wagner and Hauffe by using a different experimental method, 


According to modem conceptions, the adsorption and dissolution of hydrogen in metallic palladium Is 
accompanied by the dissoctation of hydrogen molecules on the metallic surface and the formation of adsorbed 
hydrogen atoms, The dissolving and diffusion of hydrogen into the depths of the metal clearly involves hydrogen 
in ionic form [9], At equilibrium the concentration of the atomic hydrogen adsorbed on the metallic surface can 
be determined from the equality between the rates of the processes of dissociation and recombination on unit 
surface, 


Waiss = Ky (1) 


Here K, ts the constant for recombination and Heq is the equilibrium concentration of the adsorbed hydrogen 
atoms, In the molecular reaction mechanism for the catalytic oxidation of hydrogen on a palladium surface, 
hydrogen atoms are not consumed by the reaction, Thus despite the fact that the total amount of atomic hydro- 
gen on the catalytic surface is diminished as a result of the adsorption of oxygen, the concentration of hydrogen 
atoms on the free positions will be that corresponding to equilibrium, In the radical reaction mechanism two 
hydrogen atoms are consumed in the formation of each water molecule and for the part of the surface which is 
not occupied by oxygen Eq, (1) can be written in the form: 


“ont + Wox « (2) 
Hyrar being the stationary concentration of hydrogen atoms on the catalyst surface, In the course of the reac- 
tion according to a nonbranching chain mechanism with a chain length v, the entrance of one initial hydrogen 
atom into the reaction leads to the formation of v water molecules. In conformity with this and with rupture 
of the chain on oxygen, the equation of balance for the hydrogen atoms can be written in the following form: 


Waiss = Kr + 
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If the chain rupture occurs by recombination of 
the hydrogen atoms, Eq. (3) goes over into Faq, (1), Start- 
ing from Eqs, (1), (2) and (3) tt ts possible to derive ex- 
pressions for the ratio between the stationary and the 
equilibrium concentrations of atomic hydrogen on the 
free portion of the catalyst surface for a radical reaction 
mechanism: 


Herat Wdiss — Wox 
eq diss 
for a nonbranching chain reaction mechanism with chain 
rupture of the first order: 


Hyrat Wdiss— —— 


Fig. 1. A diagram of the apparatus, 


and for a nonbranching chain mechanism with a second power chain rupture; 


Hgtat _ 1. (6) 
Heq 


It can be shown that {n the course of the reaction with a branching chain mechanism, the concentration of 
the atomic hydrogen must be greater than the equilibrium concentration, From what has been said it follows 
that certain conclusfons concerning the reaction mechanism can be drawn by comparing the stationary concen- 
tration of atomic hydrogen on the catalyst surface with the equilibrium concentration, 


Such comparison for the atomic hydrogen which is adsorbed on palladium has been carried out in our ex- 
periments with the aid of a diffusional process, The experiments were performed in a circulating vacuum system 
which made it possible to carry out the reaction under stationary conditions [10] (Fig. 1), The catalyst was the 
palladium cylinder 1, on the external surface of which the reaction took place, The magnitude of the catalyst 
surface was about 15 cm®, The interior of the capillary was connected with the manometer 2, which was read 
with the aid of a cathetometer, The mixture of hydrogen and oxygen was circulated by the glass circulating 
pump 4, the water which was formed as a result of the reaction being frozen out in the traps 5 and 6 which were 


TABLE 1 


Taliesin Rate of reaction, Partial pressure of | Partial pressure of |Stationary pressure of 
cite ; mm of Hg per min Oz, mm of Hyg Hz,mm of Hg _|Hy inside the capillary, 
in the reaction zone mm of Hg 


220 9 50 100 94 
190 4.2 49 101 89 
180 2.5 51 98 18 


cooled by solid carbon dioxide, The volume of the circulation circult of the gases was about 400 cm*, The loss 
of reagents resulting from the reaction was compensated by the electrolyzer 3, The electrolysis current was so 
selected that the total pressure, as measured by the manometer 7, remained constant over the course of the reac- 
tion, The stationary reaction velocity was indirectly determined through the magnitude of the electrolysis cur- 
rent, 


The experiments were carried out in the following manner, On opening the cocks 9 and 10 which connect 
the intertor of the capillary with the circulating gas circuit, hydrogen was emitted into the evacuated measuring 
section of the apparatus, The catalyst was maintained in hydrogen until the process of the dissolving of the 
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TABLE 2 


P 
stat Wates — Yon 


Ppart 


(experimental) (theorctical) 
= 

220 9 0.44 0.91 

190 4.2 0.88 0,87 
180 2.5 0.80 0.86 


Temperature, Reaction rate, 
c mm of Hg per min 


hydrogen in the palladium was completed, Cock 10 was then closed, the hydrogen was pumped out from the 
communicating line and oxygen was introduced into the circulating circuit of the apparatus, Following this the 
circulations of the gas was commenced with the closing of cock 9 and the electrolyzer circuit was closed, It 

was observed that despite the equality of the partial pressures inside and outside of the capillary, there was a 
diffusion of hydrogen through the capillary walls in the direction of the reaction mixture, This diffusion process 
continued until a stationary condition was established, Thus the hydrogen pressure Inside of the capillary corre- 
sponded to the stationary concentration of atomic hydrogen on the surface of the catalyst during the reaction, 

The diminution of the equilibrating hydrogen pressure during the establishment of a stationary condition when 
compared with the partial pressure of the hydrogen in tlie reaction zone served as a tncasure of the deviation of 
the stationary atomic hydrogen concentration from the equilibrium value, The results of certain of our experi- 
ments are presented in Table 1, From Table 1 it {s to be seen that the stationary concentration of atomic hydro- 
gen in the reaction zone fs considerably less than the equilibrium concentration, this Indicating that the atomic 
hydrogen ts consumed during the oxidation reaction, For a more detailed investigation of the reaction mechanism 
we have carried out a calculation for the radical reaction mechanism (Eq. (4)) of the departure of the stationary 
concentration of atomic hydrogen on the catalyst surface from the equilibrium concentration and have compared 
the calculated values with the experimental, The rate of dissociation of hydrogen on the palladium surface was 
determined by us from the rate of the exchange of hydrogen with deuterium, a reaction which takes place through 
the dissoctation of hydrogen molecules on the catalyst surface with subsequent recombination of the hydrogen atoms 
(11) It was shown in special experiments that oxygen only slightly (up to 10-20%) lowers the rate of exchange re- 
action and, consequently, does not alter the mechanism of this reaction, In Table 2 there are presented the results 
of calculations in which this deta{l was taken {nto account, The good agreement between the experimental mea- 
surements and the calculated values points to a radical reaction mechanism for the oxidation of the hydrogen on 
metallic palladium under the condition studied by us, It should be noted that the calculation shows that under our 
conditions even short chains (5-6 steps) would lead to practical coincidence of the stationary and the equilibrium 
concentrations of atomic hydrogen, 


Thus in distinction from Wagner and Hauffe, and from those other authors who have presumed the partict- 
pation of molecular hydrogen in the catalytic oxidation of hydrogen on metals of the platinum group, our data 
uniformly points to the fact that, inthe case of palladium, reaction occurs through the interaction of oxygen with 
the atomic hydrogen which tsadsorbed on the catalyst surface, 
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THE RHEOLOGICAL PROPERTIES OF SURFACE FILMS AT THE OIL-WATER 
INTERFACE AND THEIR ROLE IN STABILIZING OIL EMULSIONS 


M. M, Kusakov and A, A, Petrov” 
(Presented by Academician A, V. Topchiev, April 15, 1957) 


Oil emulsions possess a high stability which fs related to the formation of protective surface films on the 
drops of emulsifying water, these films possessing enhanced structural and mechanical properties which hinder 
the aggregation and fusion of the droplcts (1). For investigating the rheological properties of surface films at 
the ofl—water interface an apparatus of the torsion pendulum type was employed, In measurements with such an 
apparatus the surface film ts inseparable from the bulk 
phases and for this reason-it is necessary to introduce cor- 
rections for the viscous resistance of these phases in deter- 
mining the rheological characteristics of the surface filins, 
The results which have been obtained fn the study of the 
surface properties of films at the oil—water interface 
show that it {s possible, depending on the compositions 
of the hydrocarbon and the aqueous phases, the time of 
formation of the film, the temperature and other factors 
besides, to distinguish three types of movement of the 
torsion pendulum, namely: a) damped vibration, b) aperi- 
odic movement and c) clastoviscous movement, The 
most complete information concerning the reheological 
properties of surface films ts to be obtained from obser- 


—{—}— vations of the elastoviscous movement of the torsion pen- 
400 800 1200 1600 2000 aulum, 


Fig. Curves showing the deformation, ¢, of the sur- 

for surface films at an o{l—water interface the develop- 
face film at die Muhkanov ofl—sodium chloride 

ment of film deformation as a function of time at various 
solution (15% NaCl, pl! 6.4) interface at various 

values of the torque, Analysts of these curves shows 
values of the torque, May,- Experimental tem- 

6.1-7.7 hours that the development of deformation surface films at 

8 Th the ofl—water interface proceeds similarly to the develop- 
ment of deformation tn adsorbed films of saponin [2] and in bulk structured systems (3, 4]. Deformation vs time 
curves of such form can result from the simultaneous development of three types of deformation: instantaneous 
elastic deformation, deformation due to elastic after-effects and trreversible flow deformation, In conformity 
with this the rheological properties of surface films at the ofl—water interface can be characterized by: the 
viscosity, 9, of irreversible flow; the modulus, Eo, of instantancous deformation; the modulus ,Ep, of the elas- 
tic after-effect; the total inodulus, E,,, of elastic deformation, defined by the equation: Et = Es! + on the 
conventional viscosity, np, of the clastic after-effect and the relaxation time, 9p, for the elastic after-effect, 
A static elastic Iinit below which the deformation might be completely eendtile is not met, as a rule, in sure 


face films at the ofl—water interface, this same having also been observed in the adsorbed layers at the inter- 
face between saponin solutions and afr [2]. 
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TABLE 1 


The Physicochemical Propertics of Eastern Oils and the Rheological Properties of Their 
Surface Films at the Interface with an NaCl Solution (15%) at a Temperature of 20°; 
Time of Formation of the Films, 16-24 Hours and pH of the Aqueous Solution, 6.3-7.0 


Physicochemical prop. |Elastoviscous prop, of fllins 


composition Wviscositysur- 
face potses 


Production 
horizon 


| 


stokes 
p’ sec 


Kinematic visosity, 
elastic after 

effect, 

elastic afte 

effect, Ep 
telaxation time of 
elastic after-effect, 


Devoa 
De 6 
apov Iv) ), 8167 


Bavlin Devon 0.8368 
Mukhanoy |[Carbonif, |0.8485 
(Stratum I) 
Tulmazin Devon .8493 
Kalinov Perm 
Radacv Devon 10.9043 


—~ 


| 


log n (surface poises) 


00 


Concentration of ofl tn solution = 


Fig. 2. Isotherms of the surface viscosity,” of solutions of Romashkin ofl 
at the Interface with water. Experimental temperature 20°, holding time 
4.0-4.5 hours. 


In order to investigate the influence of the ofl on the properties of the surface films, the rheological charac- 
teristics of surface films at the interface with 15% solutions of NaCl (pt! 6.3-7.0) were studied for a number of ofls 
of Eastern origin, The results obtained are given in Table 1, ; 


The relation between the rheological properties of the surface films and the concentration of the polar frac- 
tion of the of! and the other components which enter in the formation of these films was stud{ed for films of 
Romashkin ofl at the interface with distilled water. In order to diminish the concentration of polar substances, 
this of] was diluted with an tsoviscous mixture of vaseline and nonpolar kerosene. An fsotherm (in logarithmic 
coordinates) of the surface viscosity over the interval of concentrations from 0 to 100% is presented in Fig. 2, 
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ef 
| 2614.87] 12800] 8700 | 420 
| oso} 230 | 4.81 0.7] 138 
| 75]5,62] 11100] 4200 | 250 
4211.6017'5 | 1020] 500 [8,312.6] 2.0) 200 
| 6700] 5700 }19 | 475 
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Corresponding to the maxima in surface viscosity, the surface films show clastic propertles over the concentration 


interval from 0.5 to LO; Isothermal curves of these propertics are sketched tn Fig. 3, along with tsotherms for 
the viscosity of Irreversible flow at various torques, 


The surface filins of the various ofls at the of!— water interface possess high elastoviscous properties: the 
magnitude of the surface viscosity reaches a value of the order of 10° surface potses. A comparison of the general 
physicochemical properties of the ofls (density, viscosity, content of tars and asphalts) and the theological proper- 
ties of the surface filins at the interface with water shows that, although an Increase of the density and viscosity 
fs accompanied by an Increase in the concentration of the asphalto-tarry substances which are basic components 
of the surface films, the alteration of the elastoviscous properties of these layers docs not proceed tn parallel with 
the change of the concentration of these asphalts and the tars, The absence of such a relation {s obylously tied 
up with the fact that the strength of these films {s determined in the first instance, not by the absolute concentra 
tion in the ofl of those compoents which enter into the make-up of the film, but by the physicochemical pro- 
pertics of the latter. It fs for this reason that the more “heavy” ofls (Kalinov, Radaev) form layers which are less 
viscous and stable than those of the “lighter” oils (Zolnin, Bavliu, Tulmazin). The fsotherms for the elastoviscous 


properties of surface films of solutions of Romashkin off at the inanetace with water (Figs. 2 and 3) show sharply 
defined maxima at of! concentration of 1-2). 


Relaxation time 6,sec 


= 


Viscosity n, 
(surface poises) 


Concentration of ofl in solution 


Fig. 3. Isotherms of the relaxation times for stresses, é.. 2 n/En, and for elastic after-effects, 
6, = n,/E,: of the surface tensions for Irreversible flow, n , and for elastic after-effects, 0,; 

of the moduli of total elasticity, Ej), and of clastic after-effect, E, for surface properties of 
solutions of Romashkin ofl at the interface with water at various valucs of the torque, M. 
Experimental temperature 20°, holding time 4.0-4.5 hours. 
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The appearance of maximum strength tn surface films at the Interface with water In the regton of diluted 
ofl solutions fs clearly related to the more Intensive gelatization of the asphalto-tarry substances In the surface 
layer which results from the dilution of the off with a nonpolar solvent containing few aromatic compounds, It 
being known (1) that hydrocarbons of the saturated and the naphthalene serles are coagulents for asphalto-tarry 
substances whereas aromatic hydrocarbons peptize these latter, In addition, the dilution of the off with a non- 
polar solvent diminishes the concentration of the asphalts and tars in the mixture which clearly alds tn the for- 
mation of microcrystals of paraffin, the crystallization of which ts retarded by the asphalto-tarry substances. 
Dilution at the same time diminishes the concentration in solution of those substances which enter in the make- 
up of the film and this must lead to a diminution of the stability. As a result, the strength of the film Increases 
at the beginning of the dilution of the ofl with a nonpolar solvent,reaches a maximum, and then rapidly diminishes. 
To this decrease in the values of the parameters of the elastoviscous propertics of the surface film there must be 


“+ at the of!-water interface a corresponding diminution tn the concentration of surface active substances (acids, 


_ tars, asphalts, etc.) and also of the other components (microcrystals of paraffin, mineral particles, etc.) which 
assure stability for the surface. This must occur over a region which fs far retnoved from the saturation concen- 
trations of the film components, as {s the case with solutions of Romashkin of! for which the decrease in viscosity 
and film stability occurs at concentrations from 0 to 1% whereas saturation of the layer with surface active sub- 
stances corresponds to a concentration of approximately 8%. 


The investigation of the Influence of the composition of the of! and the water phases, the temperature, 
the time of formation of the film and other factors, on the rheological properties of surface films makes It pos- 
sible to justify the selectfon of methods for dehydration and salt elimination in a given ofl, to characterize Its 
parameters and to evaluate the effectiveness of the action of emulsifiers. 
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THE INTERMEDIATE PRODUCTS IN THE OXIDATION-REDUCTION 
PHOTOREACTIONS OF THE XANTHENE DYES 


V.F. Tsepalov and I. Ya. Shlyapintokh 
(Presented by Academician A. N, Terenin, April 12, 1957) 


The xanthene dyes, eosin, erythrosine and Bengal rose are frequently employed as photosensitizers in pro- 
cesses of oxidation and polymerization. Accroding to the generally accepted view, photosensitization {s realized 
in such processes by means of cyclic oxidation—reduction reactions of the dye with the components of the system. 
At the end of each cycle the dyestuff is regenerated and {n the system there arise efther end products or interme- 
diate compounds which do not contain the dyestuff in their make-up. 


The potentiometric method has been employed for studying the reactions of photo-oxidation and photo-re- 
duction in the xanthene dyestuffs, the applicability of this technique to the study of oxidation—reduction photo- 
reactions having been convincingly proven over recent years by the work of the Laboratory of Photoblochem\stry 
of the Institute of Biochemistry of the Academy of Sciences of the USSR on the photo-reduction of chlorophyll, . 
its analogs and related compounds [1]. The measurement of the kinetics of the change in the potential of an inert 
electrode which was immersed in an illuminated solution containing the pigment and a reducing agent, together 
with the measurement of photocomluctivity, made it possible in this earlier work to establish the stepwise nature 
of the reduction process and to reveal the existence of the very active intermed{ate product of this reaction. In 
our work the measurement of the photogalvanic effect has permitted us to detect the formation of intermed{ate 
products in the oxfdation—reduction reactions of a series of dyes, It should be also noted that the clearly expressed 

; stepwise nature of this process opens the possibility for utilizing in {ts study the new methods which have been pro- 
posed by N. M, Emanuel [3] for the investigation of complicated reactions (by changing the conditions and the 
interactions during the course of the process). 


These experiments were carried out in a vessel equipped with platinum electrodes, the construction of which 
has been described in 1b}. One of the arms of this vessel was blackened and the other illuminated by a SVDSh- 
250 lamp. The rays from this lamp were focused with a condenser, passed through a cell with a CuSO, solution, 

a SZS-14 thermo-filter and the light filters ZhS-11, ZhS-18 and SZS-18 which separated out the region 500-550 
mu, The vessel was placed at the focus of the light source in a transparent Dewar flask filled with methanol. 
The photopotentials were measured with a lamp potentiometer of the LP-5Stype. 


In complete agreement with the results which have been obtained with chlorophyll, pheophytin and other 
pigments, we have established that the illumination of alcohol or pyridine solutions of the xanthene dyestuffs 
(C = 1078-107? moles /liter) in the presence of oxygen, leads to a displacement of the electrode potential in the 
positive direction whereas in the presence of a reducing agent (alcohol, pyridine, ascorbic acid, aldehyde), {llumina- 
tion displaces the electrode potential in the negative direction. For the investigated cases these experiments ind{- 
cate that the sign of the photopotential is determined in a dye—oxygen system by the oxidation products and in a 
dye—reducing agent system by the reduction products. In Fig. 1 there are presented kinetic curves for the change 
in the potential of a platinum electrode immersed in a pyridine solution of eosin which contained ascorbic acid as 
a reducing agent. These measurements were carried out at light intensities ranging from I = 1 to 1 = 0.08. As fs 
to be secn from these curves, the electrode potential falls during {llumation, reaches a definite minimum, and 
then once more rises, returning to the Initial value. By the time the potential of the illuminated electrode has 
again taken on the initial value, the eosin {s fully decolorized. If the light fs cut off at any point during the change 
of the potential, a displacement of the potential in the direction of negative values results, Addition of oxygen 
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Fig. 1, The kinetics of the change of potential at Fig. 2. The kinetics of the change {n potential in py- 
various light intensities and concentrations of eosin, ~ ridine at various temperatures, Reducing oo aoe 
Reducing agent—ascorbic acid (1.2 *10 moles/liter). bic acid (1.2 +10 moles/Iiter). 1)C, -10°* molesAlt- 
1) T= 1,C, = 441078 moles/liter; 2)1=032,Ce= er, t= 21°; 2) Cy = 4+ moles/liter, = — 33°. 

moles/liter; 3) 1 = 0.08, 4: 1078 The arrows indicate the instant of cutting off the f{llu- 
moles/liter; 4)1=1,C, = 4° 1075 moles/liter. mination, 


displaces the electrode potential in the same direction, The change in potential resulting from oxygen addition 
is, however, much more rapid, To the change of potential resulting either from cutting off the light or from 
adding oxygen, there corresponds an increase in the adsorptionof the initial dyestuff. Thus, either through cutting 
off the illumination or through the introduction of oxygen there {s observed a complete, or partial, reversal of 
the reaction, 


From the form of the kinetic curves (Fig. 1) it could be supposed that the observed alteration of the photo- 
potential {s related to the existence of an intermediate product, In the initial stage of the reaction, from {ts be- 
ginning up to the potential minimum, there occurs an accumulation of this intermed{ate product, which changes 
the electrode potential, At the minimum point the rate of formation of the intermediate product ts equal to its 
tate of consumption. On the right branch of the curve, the diminution of the concentration of the initial dyestuff 
results in a rate of loss of the intermediate product, W,, which is greater than the rate of its formation, W,, and 
the potential therefore gradually increases, From this point of view there {s also to be understood the dependence 
of the kinetics of the potential change on the light intensity, As is to be seen from Fig. 1, the initial rate of 
change in the potential 1s proportional to the intensity of the absorbed light, Igps- Thus, at the higher values of 
Igps the concentration of the intermedi{ate product must reach higher values and the potentials are accordingly 
lower. In addition, with an increased rate of formation of the intermediate product at a fixed value of the velo- 
efty constant for its consumption, the minimum point must move toward the origin of coordinates, From Fig. 1 
it ts to be seen that this is actually observed in practice. 


The considerations which have been outlined also explain the observed relation between the kinetics of the 
potential change and the concentration of the dye, An increase in the concentration of eosin leads to increased ad- 
sorption of light and, in general, acts on the kinetics of the process just as does an increase in the light intensity, 
The only exception {s observed in that case in which the eosin taken fs considerably in excess of that which fs 
necessary for coinplete light absorption. In this instance (curve 4, Fig. 1), the potential also rapidly diminishes 
and then remains constant over an extended period of time, If it is considered that at a high initial concentration 
of the eosin the rate of formation of the intermediate compound remains unaltered until the solution absorbs all 
of the Incident light, the change of potential can then be explained by the fact that on the segment ab there ts 
set up a stationary concentration of this product, 


With a decrease in the temperature there {s a sharp diminution in the rate of recovery of the potential 
(Fig. 2). This rate remains very low ever after cutting off the illumination, Thus, the relation between the ki- 
netics of the potential change and the temperature clearly points to the stepwise nature of the reduction process. 
The step involving formation of the intermediate product is photochemical, Its rate does not depend an the tem- 
perature, The second stage calls for further reaction of the intermediate product and is a dark reaction requiring 
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thermal activation, It ts to be seen from Fig, 2 that a decrease of the temperature markedly Increases the extent 
of the fall of the potential and the displacement ef the mintinum point tn the direction of longer times, These 
facts find thetr natural explanation in the framework of the above expressed considcrations conceming the rela- 
tion between the rates of formation and consumption of intermediate products. 


Experiments in which the concentration of the reducing agent was altered Indicate the participation of the 
latter in the reaction of consumption of the intermediate product. It {8 for this reason that the application of 
butanal, a weaker reducing agent than ascorbic acid, leads to a more gradual recovery of the potential to Its 
initial value after passing through the minimum. The nature of the solvent strongly affects the rate of the reac- 
tion of the intermed{ate product with the reducing agent, Thus, in ethanol the first stage of the photoreaction 
of eosin with the reducing agent proceeds just as rapidly as in pyridine, whereas the second stage 1s much slower. 
In both of these solvents the intermediate product reacts more rapidly with ascorbic acid than with butanal. 
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Fig. 4. The kinetics of the change of potential during 
photo-oxidation of chlorophyll by afr in ethanol. 


0 8 min If a solution of eosin in ethanol {fs illuminated in 


the absence of a reducing agent and oxygen, there fs 
Fig. 3. The kinctics of the change of potential and also to be observed a fall of the potential during the 


resistance of solutions of dyes in pyridine. Reducing illumination, the process proceeding considerably more 
agent~butanal (0.1 moles/liter), 1, 2, 3) Potentials; slowly than in the presence of the reducer, In the course 
1’, 2°, 3') resistances; 1, 1") eosin; 2,2") erythro- of extended illumination decolorization of the dyestuff 


sine; 3, 3°) Benpal tose, is to be observed, After cutting off the illumination the 


potential very gradually returns to its initial value, If 
the temperature of the solution fs lowered to —80 or —90, no observable change in potential fs observed during 
{llumination aml the dye is not decolored. These experiments indicate that a slow photo-reduction of the dye- 
stuff by the solvent occurs in the absence of a reducing agent, The photochemical step requires a considerable 
energy of activation. Similar phenomena are also to be observed in the system pyridine eosin, It should also 


_be noted that the photochemical step in the reaction of reduction of eosin by butanol, a weak reducing agent, 
has a pronounced temperature coefficient, 


In Fig. 3 there are presented curves showing the change of potential in the photoreactions of the reduction 
of eosin, erythrosine and Bengal rose by butanal in pyridine solution, It ts to be seen from Fig. 3 that the kinetic 
curves arc similar in all three of these dyestuffs, It can thus be considered that the first step in the photo-reduc- 
tion of erithrosine and Bengal rose consists, just as in the photoreduction of eosin, inthe formation of an intermediary 
product, The presence of intermediate products can be indicated by other methods as well, e. g., by measurement 
of the electroconductivity of the solution during the course of the reaction, The corresponding curves of Fig. 3 
possess maximal values, a minimum in the potential being associated with a maximum in the resistance of the 


solution. Accordingly, the curves showing the change of potential and resistance describe the same process, namely, 
the formation and consumption of an intermediate product. 


The kinetic curves which are obtained by illuminating solutions of xanthene dyes in the presence of oxygen 
are without maxima: the electrode potential gradually rises and after 20-30 minutes takes on a constant value, 
Measurements which were carried out on the reversibility of the reaction after cutting off illumination have shown 
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that with short perfods of tMumination a considerable reversibility ts tp be observed whereas with longer perfods 
the systein becomes practically irreversible. 


Differences In the reversibility of the photoreactions with short and with long perfods of Illumination have 
also heen observed by us in the photo-oxidation of chlorophyll a + b, in the course of which a relatively stable 
intermediate product fs formed (Fig. 4). This product was earlier detected by A. A. Krasnovsky using a spectral 
method [2]. Thus from the example of the reaction of photo-oxidation of chlorophyll ft ts clear that the differ- 
ence In the reversibility can be explained by the formation of an intermediary product, However, measurements 
of the revers{bility of the reaction of oxidation of eosin by the potentiometric method alone do not untquely indi- 
cate the existence of an intermediate oxidation product of the dyestuff itself, since the process of decolorization 
is a complex one. In addition to the reaction of the dye with oxygen ft can also involve sensitized oxidation of 
the solvent and reaction of the oxidation products cf the solvent with the dye. Thus further investigations are 
needed to prove the existence of intermed{ate products in the oxidation of xanthene dyes. 
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SPECTROSCOPIC INVESTIGATION OF THE EQUILIBRIUM OF THE 
REACTION NaCl = Na + Cl_ IN A HYDROGEN-CHLORINE FLAME 
AND THE ENERGY OF DISSOCIATION OF NaCl 


L. V. Gurvich and I. V. Veits 
(Presented by Academician V, N, Kondratyev, May 4, 1957) 


In our previous papers [1-3] dealing with the determination of the energy of dissociation of MgO, CaO, 
SrO, BaO and ALO we have used a method which is based on the determination of the partial pressure of the 
corresponding metal, introduced into the flame, from the absolute intensity of the lines due to the metal in the 
spectrum of the flame, In the case of investigations with flames burning in oxygen and air (CgHy + air, CH, + 
+ Og, Hy + Og, etc.) this method allows, as a rule, to determine only the energy of dissociation of the oxides of 


the metals, because in flames of this type most metals exist mainly in the form of their compounds with oxygen, 
Only in those cases where a metal does not form stable oxides can the energies of dissociation of compounds of 
metals with other products of combustion (in particular with the hydroxyl radical) also be determined by inves- 
tigation of the spectra obtained in oxygen flames, It might be expected that a flame in which the oxidizing 
agent is a halogen would-be a more suitable source of radiation for the spectroscopic investigation of the ener- 
gies of dissociation of halogen compounds of metals, In order to demonstrate the possibility of determining the 
energies of dissociation of metal chlorides in a chloro-hydrogen flame we have in the present work investigated 

the energy of dissociation of NaCl which is known with sufficient accuracy [4], The experimental arrangement 
for producing the H, + Cl, flame is similar to that already described [1], The only difference is in the method 
of introducing the solution of the Na-salt into the flame which in this case enters the flame not with the oxidant 
stream but with the hydrogen, Since chlorine reacts vigorously with mercury a double differential manometer 
with a buffer layer of concentrated sulfuric acid was used for measuring the consumption of chlorine, 


The investigation was carried out in a flame fed by a fuel mixture composed of 1,00 parts of Hz + 0.80 
parts of Cl, + 0,016 parts of HO (liq.). The temperature of this flame calculated theoretically (5] without allow- 
ing for heat losses and assuming that the flame gases are in thermodynamic equilibrium and that the products of 
combustion contain only Cl, Clg, HCl, Hy, H, OH and HO, is equal to 2450°K, The partial pressure of atomic 
chlorine under these conditions is equal to 3,37-107? atmos, The literature contains no record of any experi- 
mental investigations of the temperature of the Hy + Cl, flame, Our investigation of the temperature of the flame 
by the reversal of the sodium D-line at a height of 3-6 mm above the reaction zone showed that it lies in the 
range from 2350 to 2550°K, Since the chlorides of most metals have relatively high energies of dissociation, it 
is difficult to produce a high concentration of atoms of the corresponding metal in a chloro-hydrogen flame and 
a more accurate determination of the temperature of this flame by the reversal method is difficult (see (6). 


In the investigation of the equilibrium of the reaction NaCl = Na + Cl dilute solutions of two different 
salts of sodium (1,02-1073 N NaCl and 1,19-107° N NazCOs) were injected into the flame, The partial pressure 
of Na in the flame was determined from the absolute intensity of the resonance lines at 5890 and 5896 A in the 
q flame spectrum at a height of a few millimeters above the reaction zone, The method of measurement and the 
; _ teatinent of the experimental results has been described in [1], It was assumed that the absolute probability of 

the transition of both lines was equal to 6,25 -10' sec™ (7), and the effective width of the flame as determined 
from the transverse spectrogram was equal to 0.35 cm, The values of Py, obtained from these investigations are * 
; given in Table 1, Values of Py ja, that is, the sum of the partial pressures of sodium and of its compounds in the 
Name gases, are also given, The latter values are calculated from the concentration of the sodium salt introduced 
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into the flame, the composition of the fucl mixture feeding the Mame and the composition of the flame gases, 
Using the values of Py, and of the partial pressures of the component gases of the products of combustion of the 
chloro-hydrogen flame, it can be shown that under conditions of equilibrium Na exists in this flame almost ex- 


clusively in the forrn of NaCl, Na* and Na and that the partial pressures of Nati, NaOtl and Na,Cl, are negligible, 
Values of Pyy,¢ were calculated from the relation 


Prat P, Poy - 
obtained from the system of equations: = Ki, 
Na cl 
Ky = 2.63 -107* and Ky = 1.377-1078 were calculated from the Saha equation, The values of P,;,+ calculated by 
this method are given in Table 1 which also includes values of Pxcy = Pena ~ Prat ~ Pras Of the equilibrium 
constant of the reaction NaCl = Na + Cl at the temperature of the Name, and of D,(NaCl) = T (@fj, + 24 — 
®Naci~ In Kp). 


= Ky and Pit = Poy + Pe. The values of 


TABLE 1 


Values of PraePsnae Prate Prac (in atmos) in the Hy + Cl; Flame and Values of D,(NaCl) 
(in kcal /mole) 


Salt 


solution 


NaCl 1.02-10-3N 1.58 | 4,724-0.93 | 5.504-0.55 | 1. 
41.85 | 6.8741.04 | 6.540.501] ft, 


03-4.0.06 |1.544-0. 40/98.6+ 
1840.05 


4 1,2 
1-96 9. 40)97.5 


* Arithmetic means of results of 20 determinations of the intensity of two Na lines, 
** The errors indicated allow only for the scatter of individual determinations of the 
intensity of the sodium lines, 


Values of the @* -potentials of Na, Cl and NaCl necessary for these calculations were obtained by methods 
of statistical thermodynamics, 


Allowing for the possible systematic errors inherent in our method (see [1 J) the value of D, (NaCl) obtained 
was equal to 98,04 3,00 kcal/mole, which is in excellent agreement with the value proposed by Gaydon [4] 
(97.6 + 1.3 kcal/mole) and obtained from investigations of atomic fluorescence and from determinations of the 
heat of sublimation, The mutual agreement of the results obtained with solutions of two different salts as well 
as the agreement of these results with those obtained by other methods allows us to assume that the condtitons 
existing in the external cone of the flame are close to equilibrium conditions and shows that the energies of 
dissociation of metal chlorides can be investigated in the chloro-hydrogen flame, 
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THE EFFECT OF THE DEGREE OF ELONGATION ON OZONE 


CRACKING OF RUBBERS 


Yu. S. Zuev and S, I. Pravednikova 


(Presented by Academician P, A, Rebinder, June 6, 1957) 


It is known from the Hterature that there exists a so-called critical elongation at which disruption of the 
structure of rubbers under the influence of ozone {s most severe, However, the available data concerning this 


problem are fairly contradictory. 


According to a number of statements the critical elongation is observed in the case of vulcanizates of 
natural rubber, but its estimation by different authors varies from 5 to 50% [1-4]. Some authors consider that 


2 


60 120 % 
Elongation 
Fig. 1. Effect of the degree of elongation on the 
time preceding the appearance of cracks; 1) Com- 
pound NK, ozone concentration 0,0033%; 2) come- 
pound SKS-30, ozone concentration 0,0027%; 
3) neurite, ozone concentration 0.010%, 


a critical elongation exists in the case of synthetic rub- 
bers susceptible to attack by ozone [1], while others con- 
sider that no such characteristic exists (5, 6}, It is said 
that polychloroprene and butyl rubber do not possess this 
characteristic [1, 7). However, none of these data can 

be regarded as reliable since in most cases ozone crack- 
ing of the rubbers was characterized by arbitrary methods, 
as a rule by the “degree of cracking” expressed by the 
number of marks, 


We have carried out a detailed investigation of the 
effect of the degree of elongation on ozone cracking of 
rubbers, the rate of growth of cracks being determined 
by an objective method [8] based on the-effective depth 
of the cracks calculated from the decrease of stress in 
the relaxed rubber sample when exposed to the action of 
ozone, The following rubber compounds were investigated 
at their optimum true tensile strength: rubbers NK, SKS, 
neurite, SKN, SKB (standard formulas), guttapercha (elas- 
tic vulcanizate) and butyl rubber? 


The investigation has produced the following in- 
formation: 


1, The same qualitative dependence of the time interval preceding the appearance of cracks on the degree 
of elongation is found in the case of all the rubbers: with increasing percentage elongation the time interval pre- 
ceding the appearance of cracks gradually decreases to zero (Fig. 1). 


2, The rate of growth of the cracks determined in the stationary region of the kinetic curve increases at 
first with increasing elongation, passes through a maximum in the region of small percentage elongations ("criti- 
cal elongation”), and subsequently decreases for elongations of up to 500% (Fig. 2a). 


* Composition of rubbers: guttapercha 100 parts, captax 0.8 parts, sulfur 5 parts, butyl rubber 100 parts, stearine 
3 parts, captax 0.65 parts, thiuramdisulfide 1.3 parts, zinc oxide 5 parts, sulfur 2 parts, 
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3. In the case of all the rubbers, irrespective of 
their propertics, the time interval necessary to achieve 
tupture of the specimen at different percentage elonga- 
tions passes through a minimum in the regton of the cri- 
tical elongation, € min. and through a maximum in the 
region of larger percentage elongations (Fig. 2h). 


Undoubtedly the most interesting results established 
by our objective method in the case of all the rubbers 
investigated is the reinforcing effect obtained in the 
strained rubbers as a result of which the rate of growth 
of the cracks decreases at elongations greater than the 
critical elongation € ,)in. While the time interval pre- 
ceding rupture of the samples increases, 


From the point of view of existing ideas about the 
nature of ozone cracking of rubbers as a process which ts 
determined by the chemical interaction of the rubber with 
ozone, it was natural to expect that stretching would have 

an activating effect on the disruption of rubber under the 
02040 00 120% 30200 200 % influence of ozone, but never the opposite effect, 
Elongation 


Earlier we have sugyested [9] that this phenomenon, 
Fig. 2, Dependence of the rate of growth of cracks in spite of the marked increase in the rate of the process, 
(a) and of the time interval preceding rupture (b) {s analogous to static fatigue, The direct experiments 

on percentage elongation: 1) compound NK, ozone _have also established a straightforward relationship be- 
concentration 0.003%; 2) compound SKS~-30, ozone tween the strength of the rubbers and their resistance to 


concentration 0.002%; 3) neurite, ozone concen: cracking under the influence of ozone, The greater the 
tration 0,01% (at small elongations) and 0.02% (at true strength of rubbers compounded from noncrystalliz- 
large elongations), ing polymers, the greater is their resistance to ozone 


cracking, as is shown by the following data; 


Rubber based on compound SKB, stress 2 kg/cm’, concen, of Os = 2.2+107% 


True tensile strength, kg/cm? 8.6 247 516 758 830 
Time interval preceding rupture, min 25 54 86 105 116 


Rubber based on — SKS-30, stress 2,5 kg/cm’, concen, of Oy = 2,5+107°% 
True tensile strength, kg/cm 346 401 430 1757 
Time interval preceding rupture, min 15 17 19 23 


In the case of rubbers compounded from crystallizable rubber polymers a marked anisotropy of tensile 
strength is observed in the region of comparatively large percentage elongations; the strength measured in the 
j direction of the stretching force is less than at right angles to it. When such rubbers are exposed to the action 
of ozone the formation of cracks is observed to occur in the direction of least tensile strength (longitudinal 
cracks), in preference to transverse cracks, as is usual (Fig. 3). 


Examination of a rubber based on compound NK for resistance to ozone cracking after preliminary repeated 
stretching up to 110% elongation for a period of four hours has shown that the tensile strength of this rubber de- 
creased by about 25% while the time interval preceding rupture in an ozone atmosphere decreased by 25-30%, 


The effect of the mechanical strength of the rubbers on ozone cracking can be explained if we picture the 
process as taking place in two stages, 1. Ozone interacts with the polymer through the double bonds, It is clear 
that since the double bonds are not spaced symmetrically opposite one another, this interaction and, consequently, 
the “chemical” growth of a crack is terminated rapidly, 2, Along the edges of a crack there comes into play 
excess stress which induces further "mechanical" growth of the crack without the participation of ozone, The 
rate of this process depends on the mechanical strength of the rubber, The continuous alternation of these two 
stages of the process effects a gradual deepening of the cracks and finally leads to rupture of the rubber, The 
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TABLE 1 


Values of € in for Different Rubbers 
Modulus of 
kg/cm® 
Natural rubber 16 12 
Elastic vulcanizate 
of guttapercha 28 10.4 
Butyl rubber (70) 17 
Fig. 3, Photograph of ozone cracks formed at large 
percentage elongations; a) neurite; b) compound NK, 
eee Th indicates the direction of stretchin 
30 min 16 1.2 ie arrow ca g. 
two-stage character of the process of ozone cracking ts 
if excellently confirmed by microphotographs of the for- 
* T., mation of “longitudinal” cracks in rubbers based on crys 
tallizable compounds (NK, neurite) at comparatively large 


1 hour after loading, 1, e., just before the rubbers 
were submitted to the action of ozone. 


elongatioris (300%) (Fig. 3): the photographs show second= 
ary formations, namely,splitting of the rubber along the 
fibers, between the initially formed transverse cracks, 


The existence of a direct relationship between the mechanical strength of rubber and its resistance to the 
chemical action of ozone explains the effect of stretching on this process, The appearance of a minimum in 
the strength of the rubbers when exposed to the action of ozone is a consequence of a two-fold influence of stretch- 
ing: on the one hand increasing elongation increases the strain in the rubber as a result of which breakdown fs 
accelerated? on the other hand the degree of orientation and the strength increase with increasing elongation 
which results in retardation of breakdown [11]. It is of interest to note that in the case of noncrystallizing rub- 
ber polymers orienting processes enter into play in the region of small percentage elongations*® the positive 
effect of which on the strength of most rubbers in ozone begins to outbalance the effect of strain already at nomi- 
nal elongations of 15-20%?** The position of the critical elongation, € jn, will be determined by the relative 
effect of stretching on the degree of orientation of the polymer and its effect on the magnitude of the strain, 
When the effect of stretching on the degree of orientation of two rubbers is the same the value of € min will be 
lower for the rubber with the higher modulus of elasticity,*** In the case of two rubbers with equal moduli 
€ min Will be greater in the case of the rubber for which stretching has the more pronounced effect on the degree 
of orientation (Table 1), Since in the case of butyl rubber vulcanizate the effect of stretching on the degree of 
orientation is considerably less than in the case of compound NK,**** the value of € of the former is dis- 


| 

min 
placed in the direction of greater. elongations,°**** The increasing extent of intermolecutar interaction (lessen- 
| ing effect of elongation on the degree of orientation) in the case of guttapercha and neurite as compared with 
| 


compound NK, as also with the extension of the vulcanization period in the case of compound SKS-30°***** 
effects a displacement of €p jn in the direction of greater values, 


* Current research has established the necessity for characterizing the strength of rubbers not only by the value 

of the stress at the moment of rupture (a), but also by the time necessary to reach that point (t), Normally the 

relation between these two characteristics will be such that t will decrease with increasing o [10]. 

** Along the edges of cracks elongation is greater than the nominal percentage elongation of the given specimen, 

°** The stipulation here is that the rubbers possess the same resistance to static fatigue. 

eee* This is seen from the fact that crystallization of butyl rubber begins at considerably greater elongations than 

d it does in the case of compound NK, 

. *eee* In the case of vulcanizates of butyl rubber the time interval preceding rupture under the action of ozone 

ia depends markedly on the degree of elongation when this is small (approximately up to 50-60%), while the depen= 
dence is less pronounced at greater elongations, As a result, the value of €,;,, in the case of butyl rubber is not 

very sharply defined and sometimes cannot be detected at all, 

Vulcanized with an oxidizing—reducing system, 
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The appearance of a maximum tn the strength of 
the rubbers when exposed to ozone Is not duc to a change 
in the rate of growth of the cracks {n this region of elonga- 
tions, because the rate of growth of cracks decreases grad- 
ually with increasing elongations (Fig. 2). This maximum 
is explained by the marked increase in the influence of 
mechanical disruption during ozone cracking when the 
rubbers are stretched into the region of comparatively 
large elongations, 


The orfentation processes which occur in rubbers 
with changing elongation are also observed in other 
cases, In particular we have investigated the effect of 
static stretching on dynamic fatigue of strained rubber 
specimens, The condition of testing was AL = const, 
i, €,, as static elongation. changes the total elongation 
increases in such a manner that the value of dynamic 
elongation remains constant(l20% for compound NK, 

Elongation 100% for neurite, 80% for butyl rubber and SKS-30 and 


Fig. 4. Effect of elongation on dynamic strength 

of rubbers: 1) NK, 2) SKS-30, 3) neurite, 4) SKB, The results obtained (Fig, 4) show that the strength 

5) butyl rubber, of rubbers submitted to repeated stretching varies in the 
same manner as it does during ozone cracking, A mini- 

mum of the strength {s again observed in the case of all the rubbers and the value of € min increases in the order: 

compound NK ~ polychloroprene — butyl rubber, 


Time preceding rupture 


On the basis of the results obtained it is possible to draw the following conclusions, 


1, The disruption (cracking) of stretched rubbers, resulting from their chemical interaction with ozone, 
fs a process analogous to the development of static fatigue, in spite of the fact that the rates of these two pro- 
cesses differ by several orders of magnitude, From this it follows that the process of ozone cracking can, in 
principle, be used as an accelerated method of testing rubbers for static fatigue, particularly at small percentage 
elongations, 


2. The degree of orientation of the structural units of rubbers around the cracks is affected by very small 
elongations (of the order of 10%). The resistance of rubbers to rupture under the influence of ozone ts a sensitive 
indicator of these changes in orientation, In principle, this phenomenon may be used as a basis of a method of 
testing the degree of orientation of rubbers, 
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THE PHOTOCHEMICAL EFFECT IN THE TRANSFER OF EXCITATION 
ENERGY IN THREE-COMPONENT SYSTEMS 


V. A.Krongauz and Kh, S, Basdasaryan 
(Presented by Academician M.M, Semienov April 25, 1957) 


Earlier we have shown that during trradiation with gamma ray of solutions of benzoyl peroxide in benzene 
there occurs transfer of the primary absorbed energy from the excite:' benzene molecules to molecules of ben- 
zoyl peroxide [1, 2] As a result, the amount of peroxide decompos« d is many times greater than would be ex- 
pected on the assumption that absorption of energy by each component of the mixture is nonselective, At the 
same time we have established that addition to the solution of benzoyl peroxide in benzene of small amounts of 


condensed aromatic hydrocarbons — anthracene and phenanthrene — decreases the rate of the radiolytic decom- 
position of the peroxide, 


t As is known, dilute solutions of anthracene and 

' phenanthrenc exhibit fluorescence under the action of 
ionizing radiations due to energy transfer from the,sol- 

a3: vent to the sclute [3], The protective action of these 

luminophors with respect to benzoyl peroxide is, of course, 

due to the fact that a certain proportion of the excited 

benzene molecules transmits the absorbed energy to the 

molecules of the luminophors, 


J 


Decomposition rate 


. 02 0s 06 8 mole /liter It is a characteristic feature of the process that 
Conc. of phenanthrené 


when the concentration of the luminophors is increased 
Fig. 1. Dependence of the rate of radiolytic decom-__ the rate of decomposition of the peroxide attains a cer- 
position of benzoyl peroxide, in (mole/liter shr)-1073 tain limiting value and does not decrease any further, 
on the concentration of phenanthrene, Concentra- This is evidently due to the fact that at sufficiently high 
tion of benzoyl peroxide: 1) 0.0125 mole/liter, concentrations of the luminophors the decrease in the 
2) 0.0083 mole/liter, 3) 0.0042 mole/liter, probability of energy transfer in the direction benzene —> 
—> benzoyl peroxide is compensated by energy transfer 
according to the scheme: benzene —> phenanthrene — 
—> benzoyl peroxide, 


With the view of carrying out a more detailed investigation of the mechanism of energy transfer during 
} radiolysis of three-component mixtures of benzene, phenanthrene and benzoyl peroxide we have in the present 
; work studied the kinetics of the radiolytic decomposition of benzoyl peroxide in these mixtures over a wide range 


of concentrations of phenanthrene (0-1 mole/liter) and for three different concentrations of benzoyl peroxide 
(0.0125, 0.0083, 0.9042 mole/liter), 


Radiolysis was effected by means of gamma rays obtained from a Co™ source in the absence of air, The 
differential radiation dose was 1,5-10'5 ev/ml-sec, The amount of peroxide decomposed was determined iodi- 
metrically and did not exceed 10-20% of its initial concentration, 


In Fig. 1 is shown the dependence of the initial rate of radiolysis of benzoyl peroxide on the concentration 
of phenanthrene for three different concentrations of the peroxide, As will be seen from the diagram, with increas- 
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ing concentration of phenanthrene the rate of radiolysis of the peroxide at first decreases andafter having passed 
through a minimum,tncreases linearly, 


In accordance with the assumptions stated above let us now consider the following elementary processes 
which take place during radiolysis of the solutions under investigation: 


a, 
1. C,tl, GH,» Rel 


CM, — kal Cal 


IV. + Phe + Phe, Ae Celle] [Ph]: 
V. Ph, 0s == [Ph] 
Vi. Phe Ph+ Av. = he [Ph°} 

VII. Ph® + BP BP* Ph} = [Ph* KBP), 


where I, is the intensity of the incident radiation; [CgH¢], 
(BP} and [Ph] are the concentrations, respectively, of ben- 
zene, benzoyl peroxide and phenanthrene; € and € pp, 

liter -hr/mole are numbers of electrons in the molecules of Cihsine and 
12.10" phenanthrene, respectively; kg is the proportionality con- 


stant, and R* are the radicals formed in the course of de- 
composition of the peroxide. 


ag he be In the scheme of transformations set up above the 
120 liter/mole following simplifying assumptions have been made: a) 
1/{BP} __- the concentrations of benzoyl peroxide in the solution 
being low, the decomposition of the peroxide due to the 
action of the radiation may be neglected; b) the 
formation of radicals from the excited molecules of benzene and phenanthrene is not taken into account because 
of the low yield of radicals of these hydrocarbons produced by radiation; c) the excited phenanthrene molecules 
obtained in reactions IV and V are kinetically identical, 


- 06 ry 1 


In the stationary state we have: 


Ro Ty ecu, = + ky [Cyt BP ] ky Ph]; (1) 
holy hg (Ph] (CoHe] [Ph] = [PH] + [Ph'] [ BP J. 


Since the rate of the radiolytic decomposition of benzoyl peroxide is given by 


BP 
V = — SUP) BP + [BP J, (3) 


the equation of the rate of decomposition of the peroxide may easily be obtained by substituting into (3) the 
values of (CgH? ] and [Ph}’ calculated from (1) and (2). 


At sufficiently high concentrations of phenanthrene the processes [1 and HI may be neglected by compari- 
son with process IV, Since under these conditions 
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[BP] ke +h, | BP] (4) 


For (BF) = const, the second term in Eq, (4) becomes a constant and, consequently, the rate of Secomposkion of 
benzoyl peroxide increases linearly with increasing concentration of phenanthrene, 


On extrapolating the linear portions of the curves in Fig. 1 to the point of their intersections with the axis 
of ordinates we can determine the free term V in Eq, (4) for each of the three concentrations of the peroxide 
(see Table 1). 


TABLE 1 Introducing the notation Kole Ec He 
we obtain 
[BP}-10°, mole/liter 12.5 8.3 4.2 { 
V+10°, mole/liter «hr 0.125 0,110 0.095 Ton, 


i. e., 1/V is a linear function of 1/{BP] (see Fig, 2). Hence, ke/ky = 2°107* mole/liter, 


It is of interest to estimate the mean life of the excited molecules of phenanthrene transmitting their 
energy to benzoyl peroxide. If we assume that energy transfer occurs during collisions of the excited molecules 
of phenanthrene with molecules cf the peroxide and that each such collision is effective, the mean life of phen- 
anthrene molecules in the excited state may be calculated by means of the formula 


hy = 1/42DRey 6) 


where R fs the half-sum of the effective radii of the molecules of phenanthrene and benzoyl peroxide (~ 5 A); 
D is the coefficient of diffusion in benzene (~ 1075 em?/sec); and r is the mean life of the excited phenanthrene 
molecules, Calculation gives a value of r » 107’ sec, 


We may mention that the value ofr for the excited molecules of benzene, which determine the decom- 


position of benzoyl peroxide, at concentrations lower than 0,01 mole/liter, is also equal to ~ 10° sec, as has 
been shown earlier [1, 2]. 


In a number of recent investigations on the fluorescence of solutions of organic substances [4-6], it has been 


shown that in many cases there occurs resonance transfer of energy from the excited molecules of the solvent to 
molecules of the luminophor. 


Bowen and Brocklehurst [7] consider that in solutions of organic substances resonance transfer of energy 
occurs over distances of ~ 50 A. 


If it is assumed that during resonance transfer of energy relationship (5) remains correct [5], a mean life 


of r s 10°" sec is obtained for the excited molecules both of benzene and phenanthrene during resonance trans- 
fer of energy, taking R = 50 A, 


The authors wish to express their gratitude to Prof. S. S. Medvedev for his interest in this work, 
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KINETIC EQUATIONS IN THE THEORY OF ELECTROLYTES 


E. A. Streltsova 


(Presented by Academician N, N, Bogolyubov, May 7, 1957) 


As is well known, the essential point in the derivation of the kinetic equations of Onsager [1] ts the assump- 
tion that every fon is surrounded by a so-called “ionic atmosphere” composed of ions of opposite sign, which 
accompanies this ion in its motion, However, it ts clear that such a “model concept” cannot be regarded as 
fully satisfactory from the physical point of view and does not help in obtaining more exact equations, 


The present paper examines the general problem of the derivation of kinetic equations for distribution func- 
tions of the probability of position of particles situated in a liquid and interacting mutually in a given potential 
field. The interaction of the particles with the liquid constitutes a kind of stochastic process of a diffusional charac- 
ter. 


The given problem can be solved by a statistical method due to N, N, Bogolyubov [2]. The essential feature 
of this method that instead of dealing with the Gibbs distribution function of al! N particles of the system we are 
considering amultiplicity of distribution functions for groups of s particles, the distribution of the remaining 
N-s particles being quite arbitrary, 


The general outline of the method can be applied to the case of a strong electrolyte, As a first approxi- 
mation we obtain the well-known equations of Onsager, 


Let us consider a system consisting of particles of m = 2 different species, Let the number of particles of 
species a be denoted by Nj, so that 


> Na=N. 
I<aqm 


The particles are moving in a liquid of volume V under an external field having the potential Ug (t, qq), 
a{ av} » and interact mutually in pairs with a potential force of fap (laa- ap |). In deriving our equations we 
shall assume that as a result of the interaction of the particles with the erratically moving molecules of the liquid 
the motion of the particles themselves takes place in accordance with the Markovsky stochastic process and can 
be described by means of the diffusion equation: 


[9Dy 


rf (1) 
1<icNy i Vi 4 
1<aqm 


In this equation Dy = Dxy(t, & .» « Gn) denotes the probability distribution function of all the N particles of the 
system at time t, Ag is the coefficient of resistance in the expression for Stokes viscous drag, @ = kT is the heat 
function and Uy is the potential energy of the system, that is 


Uy = —qi|)+ Ua (t, 


; 
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In this expression L* denotes summation over all the different pairs of particles, 


We shall now t{ntroduce the distribution functions Fa. determine them In the same man- 
ner as has been done by Bogolyubov [2], and derive the corresponding equations of these functions from Eq. (1). 
On passing to the limits, as usual, that is, N—> w,V-> ow, N/V =n, these equations will assume the form: 


i<vam 


7 OD,» 
(3) 


> 


where U,, a the potential energy of the system of s separate particles, 


To these differential equations we must now add the conditions of disintegration of assemblages of particles. 
These conditions mean that when a given assembly of N particles is broken up into two groups of s and o particles 
each, respectively, then the distribution function for the total assembly of particles will have the form of the pro- 
duct of the distribution functions of each separate group when the groups are infinitely removed from each other, 
that fs, 


Fite= 


We shall now assume that the particles under consideration are clectrolyte fons moving in an electric field 
at a potential which depends on time only, that fs, E(t), so that 


€, E+ 


(4) 


where e, fs the charge of an fon of the a-th species; the total charge of the fons fs equal to zero and the fons 
interact in pairs with forces defined by the Coulomb potential 


(19a — 1) = Rig — (5) 


where K ts the dielectric constant of the solution, Since we shall subsequently confine ourselves to the derivation 
of equations of the first degree of approximation we shall leave out from consideration the potential due to short- 
range forces. 


Let us consider translationally invariant solutions: 


(ts Jr Ge +X) = Fava, Fa(t, gq) =I. 


In this case Eq, (3) for s = 1 becomes an identity since 


(t, 92) dq; 


(141 — 921) 


is independent of q. 


If now Eq. (3) is treated in the same way as has been done in (4), that ts, if we introduce the dimensionless 
coordinates ¢, q* = ryeE%, where 4 is the Debye radius, it can easily be shown that the expression a¢/ dq%, 
which is a component of the derivative of the potential energy in the second term on the right-hand side of the 
equation, {fs proportional to the dimensionless volume € = 1/ ne’, which can be regarded as a parameter of small 
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magnitude if we take into consideration only solutions of suffictently low concentrations, The rematning terms 
in Eq, (3) are of the order of unity relative to €, 


In order to obtain equations of a first degree of approximation we shall neglect those terms tn the exact 
equations which are proportional to the small parameter €, We then obtain the following approximate equattons 


OF qi--- q,) 


oD, » 1) 
aq; 


It can be easily shown that all these equations can be satisfied if we put 


| (t, qs) = 1+ Bajaj (t, 1 qi). 


I<iv/<s 


In this expression gap, (t, 93 I) are binary functions satisfying the conditions of symmetry, 


Gad (t, qa qo) = (tq> qa) (8) 
and of correlation, Bab (t Ga ~ %)— O when la, = ap! — o. In view of the translational invariance of the 
function gp (t, Qa I) Its solutions do not depend on the coordinates themselves, but only on their differences, 


Substituting Expressions (7) and (5) into Eq. (6), we obtain: 


at a, oq; \ aq” fa 
0 0 1 
+3 — E* a, | + 


ny @ 0 


— q’ | ) (t, 1 q') dq’, 
5 2 3 


0 
Ag, + Ag, faa, — > grady, — 


fa, E 4x a, fa, 
grad. La,a, K Noe ev ( da, Law + gow’) . (10) 


This equation ts identical with the well-known equation of Onsager, To prove this it {s only necessary to 
replace the functions g.4, by the functions fa} as has been done by Falkenhagen [3}, The latter functions are re- 
lated to the former by the simple equation 


far == Ma My Lar. 


[Mae 

i</<e 

@ 

+} 
I< jae 
(6) 

1<1<3 
whence; 
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The method outlined above may be extended to the derivation of equations of higher degrees of approxt- 
mation, at has been done by the author [4] for the case of statistical equilibrium, 
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INDICATION OF RADICALS BY NUCLEAR RESONANCE 


L. L. Dekabrun and A, P, Purmal 
(Presented by Academician V, N, Kondratyev, March 29, 1957). 


The height of the signal of nuclear resonance absorption (using the method known as fast scanning) depends 
on the spin-lattice relaxation time T,, A decrease in the value of Ty produces an increase in the signal, 


In 1946 it was shown (1) that relaxation time ts strongly decreased if the paramagnetic ions Fe". Cr’’, 
Cu", Ni, etc. are present in the system, Quantitatively this effect is expressed [2] by the following equation: 


1 
mak 


where Ty is the relaxation time, k fs a constant whose 
value depends on the magneto-mechanical properties 
of the nuclei, N is the concentration of paramagnetic 
fons, p is the effective magnetic moment of the ions; 
n is the viscosity of the liquid; T ts the temperature, 


Small additions of paramagnetic ions make it pos- 
sible to observe resoifance absorption signals in samples 
with large values of Ty, Free radicals possess an unpaired 
electron and the corresponding magnetic moment, Nature 
ally it was assumed that the presence of radicals in the 
system produces. an effective decrease in the relaxation 
tiine and a corresponding increase in the resonance ab- 

- sorption signal, 


A preliminary study of the possibtlities of using 
nuclear resonance to detect free radicals was carricd out 
on autodyne systems being tested in the Chemical Physics 
Institute of the Academy of Sciences, USSR, A typical 

Fig. 1. oscillogram of the protonic absorption resonance of water 

containing CuSO,, taken with this apparatus, is given in 

Fig. 1, Verification uf our assumption on the effect of radicals on the value of the spin-lattice relaxation time 
naturally began with *h~ simplest case ~ a solution of a stable radical, Pure benzene did not give a protonic ab- 
sorption sign’! on our apparatus, This was due to the fact that the relaxation time of benzenc measures several 
seconds and wit’: .< apparatus used it is possible to detect absorption signals from samples having relaxation 
times of the order of 1 sec and less, We expected that a 0,01 N benzene solution of the free radical diphenyl- 
picrythydrazy! would give a protonic absorption signal, This expectation, however, was not justified, The de- 
crease in the relaxation tine, apparently, was insufficient. We therefore turned to an artificial decrease in the 
relaxation time by an increase in the viscosity of the system, By this method we obtained the expected result, 
A solution of diffusion ofl in benzene (30% by volume) gave a proton resonance signal at the noise level, The 
same solution, but containing diphenylpicrylhydrazyl, gave a quite distinct signai, 
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* As the decomposition of HzO {s accompanied by the evolution of oxygen, which possesses paramagnetic pro- 


It seemed to us that it would be possible to observe 
y the effect on a greater scale in the case of simpler radi- 
cals, Since simple radicals are not stable we naturally 

turned to a chemical reaction as a source of such simple 
radicals, In choosing a reaction in which radicals parti- 


Fig. 2, Oscillograrns of proton resonance signals cipate, we adhered to two criteria: a sufficiently high 
from decomposing hydrogen peroxide: 1) at T = reaction rate at not too high temperatures and a large 
= 332°K, 2) at T = 368°K, concentration of hydrogen nuclei in the system, With 


this object, we chose the thermal decomposition of HO, 
as the reaction, Neither water nor a 30% solution of 
HgOy gave a protonic absorption signal at room tempecra- 
ture, On increasing the temperature we observed the 
appearance of a protonic absorption signal fromm decom- 
posing H,O,. On further increasing the temperature and, 
correspondingly, the rate of 1,03 decomposition, we ob- 
served a further increase in the protonic absorption sig- 
nal, In Fig, 2 we give reproductions of the oscillograms 
obtained from the decomposition of 11,03 at two tempera- 
ture valucs, 


Fig. 3, Oscillograms of protonic resonance signals 

from a solution of copper sulfate (ncyt+ = 

= 6+10"* cm ). 1) At T = 294°K, 2) at T = 368°K, The formula given above shows that on increasing 
the temperature the relaxation tine will increase by the 


law Ty ~ WT (the denominator allows for the decrease in viscosity with temperature), An increase in the 


relaxation time with temperature produces a decrease in the height of the resonance absorption signal, To ap- 
praise the scale of the change in the height of the protonic absorption signal with ternperature, in Fig, 3 we give 


reproductions of oscillograms (on the same scale as for HO), obtained from a 0,01 M solution of CuSO,** at 
two temperatures, 


The anomalous temperature dependence of the height of the protonic absorption signal in the case of de- 


composing HO, ts quite natural as increasing the temperature leads to a strong increase in the concentration of 
radicals, 


A most important observation, agrecing with the results we obtained, ts the fact that there is a strong de- 
crease in the relaxation time in some solid samples treated with high energy radiations [4], Treatment with 
radiation leads to the formation of F-centers — holes in the crystal lattice, occupied by free electrons, In tts 


physical nature, an F-center fs similar to a free radical, In particular, it gives the effective signal of electronic 
resonance absorption, 


A decrease in the relaxation time ts observed; a) on adding the free radical diphenylpicrythydrazyl to the 
system; b) in the decomposition of H,O3, during which OH and HO, radicals are generated; c) in samples con- 
taining F-centers — all these confirm our assumption that radicals effectively influence the relaxation time and 
may be detected by nuclear magnetic resonance, 


perties, and there fs the possibility that the “appearance® of the signal is explained by solution of oxygen in the 
water, we carried out special calibration experiments, We prepared ampules containing water and oxygen dis- 

solved under various pressures ranging from 4 to 50 atmos, Comparing the height of the protonic resonance ab- 
sorption signals, obtained from HO; and from solutions of O, in water at the same temperatures, we found that 

the height of the signal from HO, at 95° corresponded to the amount of oxygen dissolved in water under a pres- 
sure greater than 50 atmos, The. question of the possibility of supersaturation of water with oxygen was specifi- 
cally investigated by Seylor (3). The results of his work show that 50-fold supersaturations, even without mixing, 
are impossible, 

** The paramagnetic fon Cu™ was chosen for comparison as its effective magnetic moment fs closest to the 
value of the magnetic moment of radicals. 
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This method of Indication of free radicals, which ts less sensitive and accurate than the direct method of 
electronic paramagnetic resonance can apparently supplement the latter and broaden tts possible use (in particu- 
lar, for example, in the study of radicals in media with high electrical conductivity), 


In conclusion we would like to thank V, V, Voevodsky for continuous interest in the work and valuable dis- 
cussions, 
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APPLICATION OF THE THERMAL FACTOR IN GAS CHROMATOGRAPHY 


A. A, Zhukhovitsky and N. M, Turkeltaub 
(Presented by Academictan P, A, Rebinder, May 10, 1957) 


Although there has been a considerable number of investigations in which the thermal factor has played 
a part in adsorption separation [1-3, 8, 9), there has been no physicochemical analysis of the problem, 


The use of the thermal factor in chromatography introduces a serics of advantages, Changes in the tem- 
perature of the adsorbent bed allow variations in its capacity and makc it possible to separate a greater number 
of components on one adsorbent and achieve a continuous separation process [4, 5}. However, the Increase tn 
the distance between the bands of the adsorbate and thetr contraction ts of greater value, Furthermore, in ad- 
sorption analysis, the thermal factor can sharply decrease the requirements of sensitivity and inertia of the detect- 
ing apparatus, 


The advantages of chromatography are used most fully {n introducing the thermal factor {nto development 
chromatography. The intereffect of the solvent current and any temperature field that changes with time and 
space, ts called chromathernmography (6). 


It ts useful to examine first the relation of the separating capacity to temperature in development analysts, 


Separation tn development analysis depends little on the temperature of the bed, A simple calculation 

leads to the following — for the distance between components (Ax) and the band width (W) on the bed 
1/2 

Ax = =e Ww -( - Here AQ Is the difference in the heats of adsorption of the components, D fs the 
coefficient of longitudinal diffusion, L is the length of the bed, a fs the lincar flow rate, m = 4 In (Cmax/¢). 
where Cpyax and c are concentrations at the maximum and at the edge of the band, respectively, All distances 
are changed by a factor G on the emergent curve (G fs the adsarption coefficlent) as compared to the adsorbent 
bed, Therefore, the detector acts somewhat as an amplifier, changing both Ax and W, To characterize the 
" separation on a bed from the data from the emergent curve, it fs useful to consider the coefficient K which does 
Ax 
not depend t :Ke ——, 
pend on the outlet temperature: K (W, + Wy) 

It is not difficult to show that the purity of the fraction for the linear fsotherm fs simply expressed in terms 

“AK 

of the coefficient K; 6 = ht » where & fs the portion of foretgn component in the fraction, 

Glueckauf [7] and other authors (8] suggested analogous operating criteria for the bed based on the concept 


of theoretical plates, We considered it more advantageous to use investigations of the physical processes of se- 
paration and spreading of the bands of adsorbate, 


In partition chromatography the diffusion coefficlent D decreases with falling temperature and as with a 
curvilinear {sotherm, the width of the band increases sharply with falling temperature, 


A temperature field, independent of time, docs not result in bettcr separation, In thts Ax = 40 (1) and 


R \T, 
the process proceeds as at some average temperature, An analogous result is obtained with a field depending 
only on time [9,10]. 
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However, the simplicity of creating such a field and the possibility of separat- 
ing a large number of components in a short time give this variant a series of prac- 
Fig. 1. tical advantages, 


Time in min 


Figure 1 gives the emergent separation curve of the mixture CHy—CgH— CyHg— CyHyo— g— in 
3 minutes with a temperature change from 20 to 100°, 


An increase in the separating capacity from applying the thermal factor may be achteved only with the 
condition that the components are at different temperatures during the whole experiment and that the average 
development temperature would thus be different for each component, This can be accomplished by two most 
advantageous variants of chromatherinography, In stationary chromathermography, besides the solvent current, 

a temperature wave, moving in the direction of the current, would affect the adsorbate, The signof the tem- 
perature gradient would also coincide with the sign of the speed of the developer current, Thus, all components 

in a stationary system would be at their charactertstic temperatures, The basic advantages of this variant consist 
of the contraction of bands near the characteristic position in the temperature field up to a certain stationary width, 
This makes the method especially useful for the analysts of materials at low concentrations, Its application sub- 
stantially lowers the requirement of detector sensitivity, 


As was shown in [5], on this basis a continuous analysis could be accomplished, As in development chro- 
matography, in principle any binary mixture can be separated with stationary chromathermography as the distance 
between the bands {s inversely proportional to the temperature gradient, while the band width [12] ts inversely 
proportional to the square root of this value, Therefore, in principle, it ts possible by decreasing the gradient 


(i, €., increasing the length of the furnace) to attain a separation of bands of matertals which are as close as one 
wishes in adsorbency, 


However, with a given bed length in stationary chromathermography, the distance between bands will be 
less than in the development method as the component that {ts more strongly adsorbed {s at temperatures which 
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outlet temperature as can be seen from the sharp growth of K, 


are higher than those for the one that {s less strongly adsorbed, This does not mean, generally speaking, that the 
separating capacity [13] of stationary chrotmmathermography fs less than that of the development method, as in the 
first case contraction of the bands occurs while in the second — spreading of the bands, 


It ts useful to examine the variants of chromathermography in which an increase in the distance between 
dands, as compared to those of the development method, occurs, To achieve this, it {s necessary to localize 
the component which {s less strongly adsorbed in the region of temperatures higher than those for the more strongly 
adsorbed component, This means that the temperature gradient should have a sign opposite to the flow rate, 
With this the process fs no longer stationary, A “reverse gradient may be achieved by two methods, In the 
first of them, the direction of the temperature wave coincides with the direction of the current, Then the more 
strongly adsorbed components are cooled progressively, and their movement ts retarded, This variant has been 
named adsorption retardation [14]. Only the movement of those components whose starting temperature was 
lower than the characteristic would be accelerated, 


TABLE 1 


Adsorbent Al,Oy 16.55 g. Length of tube 250 cm; cross section 0,125 em’, 
w = 20.8cm/min; a = 320 em/min; n = 0,065 


| 


Propane | for- yo | 33 2640 | Ot 


Butane Ward 45.8 | 2010 | 82 240 | 1.39 
| 7 | | mus | | 368] 1.7 
20-9 | | | 2200 | 4.5 
ane (an | 000] 2.8 
| 4° | | | | 3250] 5 


The disadvantage of this variant {s the difficulty in ensuring suitable conditions in succession for the dif- 
ferent components, The method of selecting the optimal starting temperature [14] has a series of practical defects, 
Furthermore, one should consider the danger of the disintegration of a component's band into several bands, 


In the second variant the direction of the temperature wave fs contrary to the direction of the solvent cur- 
rent, Thus, all the components move faster and are washed out in one cycle of the operation, 


Ir can be shown that with a small reverse gradient, the acceleration {s related in the following way to the 


2 
rate of the current a and Henry's coefficient q = = . Here go = r, » where Q ts the heat of adsorption and 


y 1s the temperature gradient, 


In this way, the additional acceleration, which also decreases with increase {n adsorbency, would improve 
separation, This situation ts illustrated by the data in Table 1, from which it can be seen that the distance be- 
tween bands is increased by changing the gradient sign, This increase cannot be wholely duc to the effect of the 


We should note that the application of nonstationary chromathermography makes the adsorbent column in 
certain respects more effective than the partition, as with it not only are the tsomers of butane and pentane se= 
parated but also saturated and unsaturated hydrocarbons and gases with low boiling points, Figure 2 shows the 
emergent curve of such a mixture, 
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A disadvantage of the method examined using a reverse gradient ts that all components pass through the 
same temperature regions, The retardation variant may be uscd only under automatic conditions which could 
be achieved by the reverse movement of the furnace to the starting temperature, with a repetition of the cycle. 
Thus, due to the movement of the components into the depth of the furnace, they would gradually reach the 
critical state and their movement would be accelcrated, 


The thermal effect could be used not only as a continuously operating field but also as short duration heat- 
ing (impulses) with subsequent cooling, In the development method an increase in the length of the adsorbent 
bed cannot be practically achieved due to the spreading of the bands and the limited sensitivity of the detector, 
If, however, after development on a certain length of the adsorbent bed, the adsorbate {s treated with a “collect- 
ing* heat impulse then the length of the adsorbent bed may be increased without limit, 


It is advantageous, in impulsive chromatography of a mixture, to bring about circulation, returning the 
component after the impulse to the beginning of the bed, At the end of the bed there should be a thin “collect- 
ing* bed of an adsorbent with a high adsorbing capacity, onto which the impulse would be directed at the neces- 
sary moment, The feeding of the impulse should be regulated in relation to the degree of separation required, 
At the minimum on the emergent curve an impulse should bé fed in, and the enriched mixture should be tntro- 
duced onto the adsorbent for subsequent circulation, Such a form of temperature field, depending on the degree 
of separation, we have named “self-adjusting.” On the basis of such iiclds, it is possible to obtain the best separ- 
ations and to establish a programme for the separating adsorbent-thermal machine, 


The automatic equipment should control such factors as the distribution of temperature, variation of rate, 
etc, Based on the automatically calculated value of K or of a similar magnitude, after a certain period during 
which ordinary development analysis would be carried out, a temperature field with reverse gradient would be 
automatically introduced onto the bed of adsorbent material and its magnitude would be changed automatically 
in relation to time; moreover, K would increase continuously, 
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THE NATURE OF THE SURFACE OF DEHYDRATED SILICA GEL 


K. G, Krasilnikov, V. F. Kiselev and E. A. Sysoev 
(Presented by Academician M, M, Dubinin, May 4, 1957) 


Starting from the structural principles of the atomic structure of silica and silicates, it was shown in paper 
(1) that in the thermal dehydration of silica, a surface may be fonned which contains oxygen atoms in excess 
of the stoichfometric ratio, Some experimental data, confirming this idea, were given in paper [2], It was to 
be expected that such a surface would possess oxidizing properties, We noted long ago that in adsorbing a series 
of organic materials that give colored oxidation products silica gel, which had been calcined in air, became 
colored, and the intensity of coloring increased with an increase in the calcination temperature, It seemed inter- 


esting to carry out the quantitative determination of the oxidation capacity of a silica gel surface in relation to 
its calcination temperature, 


For the investigation we used samples of highly 

peguiv. porous silica gel KSK~2 (S = 400 m'/g) and = 

ag . = 695 m’/g), which had been previously studied in de- 
tail in papers (3-5), The determination of the speci- 
fic surface of all the samples.was carried out by the 
BET method from the adsorption tsotherms of nitrogen 
vapor at its boiling point, The oxidation capacity of 
the silica gel was determined quantitatively by titra- 
tion with 0,01 N hyposulfite solution of the iodine 


liberated from an acidified solution of KI with the 
200 400 600 630 100% 200 400 600 00 100°C given silica gel sample submerged in it, Figure 1A 


Fig. 1. Oxidation capacity (A) and oxygen sorption (B) 
of silica gels KSK=2 (1) and (2) in relation to their 

various temperatures in air, simultaneously with the 
calcination temperature, 

samples used in paper [3]. It follows from the data 
obtained that the oxidation capacity of the surface is very small, the number of oxidizing equivalents is three 
orders less than the number of OH-group equivalents on the same surface [3], It can be seen from Fig. 1A that 
the oxidation capacity of the surface is different for samples with different degrees of hydration: {t is greater for 
sample KSK~2, which has a smaller value for the specific surface and greater hydration, The number of oxidiz- 
ing equivalents increases for each of the samples with an increase in calcination temperature, 


In the thermal dehydration in vacuum of an element of hydrated silica surface: 


OH 


it is possible to form the following surface radicals or free valencies [1): 
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which aw accompanted by Hberation of water (1) ot hydrogen (I), It was established by mass-spectroscopic In- 
vestigations of the dehydration of silica gel (sample K=2), as well as chemical analysts (6-7) of the gas uncon- 
domed by Heautd afr, that besides water, hydrogen fs present tn the products liberated by silica dehydration, The 
fall in arkerption activity when silica gel was dehydrated in vacuum [8] indicated that a large part of the free 
ralicals were, apparently, blocked: 


m aw 


In the dehydration of the surface in an atmosphere of some gas (A), the reaction of the molecules of this gas with 
the active centers of the surface’may result in surfaces of a completely different type than {n (I-IV), for example: 


: 


}si-o-s-C si—O— (vn 


In this way, in the case of thermal dehydration of silica gel in air, as was done in works [3-5], the possible ad- 
sorption of nitrogen and oxygen resulted in a surface substantially different from the surface obtained in vacuum. 


To clarify these problems, we carried out quan- 
erg/cm® 
titative measurements of the adsorption of nitrogen 
and oxygen on silica gels dehydrated under conditions 
of high vacuum, The measurements were carried out 
by a volumetric method, A sample of silica gel was 
placed in a quartz ampule and after preliminary con- 
ditioning at 300°, was calcined at the given tempera- 
ture up to constant vacuum, then a prepared portion 
of the gas being investigated was introduced into the 
ampule and suitable measurements were carried out 
0 : ~ at 20°, As our experiments showed, nitrogen under 
4,0 these conditions was not adsorbed within the limits 
of accuracy of the measurements (1-107 yM/m?), 
Fig. 2. Heats of wetting of silica gels KSK-2 (1) and In the case of oxygen (Fig. 1B), the surface of stlica 


K=2 (2), calcined in air (white dots) and in vacuum gel, dehydrated {n vacuum at temperatures from 300 
(black dots) in relation to the hydration of their sur- to 900°, adsorbed oxygen noticeably, and the amount 
faces, The broken line represents data corresponding of oxygen sorbed increased with increased calcination 
to the standard treatment of silica gel surfaces (3). temperature, The small value of adsorption of oxygen, 


which, presumably, is adsorbed at the surface radicals, 
indicates that the number of the latter is not great, Apparently, the oxidizing properties of the silica surface are 
developed due to the hydration of elements (II) and (VI), A comparison of the data on the oxidizing properties 
of the surface and adsorption of oxygen on it for the same samples and the temperatures at which they were treated, 
shows that for all cases investigated the number of oxidizing equivalents is twice as great as the number of moles 
of oxygen adsorbed, The symbatic character of the changes in the oxidizing capacity of the surface and the ad- 
sorption of oxygen on it shows that the same centers of the surface are, probably, responsible for both phenomena, 
If the surface elements (II) are such centers for oxygen adsorption then, apparently, there should be a definite 
relation between the amount of hydrogen liberated from the surface during its dehydration and the amount of 
oxygen adsorbed on it, With this, however, one should keep in mind the fact that the amount of hydrogen libera- 
ted may exceed the amount of oxygen adsorbed due to the disappearance of a certain amount of the radicals 
formed, as a result of the contraction of the surface during calcination, as well as due to the blocking of bonds 
with the formation of surface clements (IV), Preliminary experiments, carried out by calcining in vacuum at up 
to 800° silica gcl samples which were first pumped out at 300°, showed that the amount of hydrogen thus libera- 
ted, considering it as the gas that did not freeze out at the temperature of liquid nitrogen [6, 7], exceeded by 
2-3 times the amount of oxygen which was later adsorbed on the same surface, 


' 
| 
662 


Previous experiments [9] showed that {rradiation of the silica with ultraviolet light produced the formation 
on its surface of free valencies (scheme I) which were centers of oxygen adsorption, Our measurements of photo- 
desorption and subsequent adsorption of oxygen after {irradiation of silica gel K-2 with the light of a mercury 
lamp PRK-4 fully confirmed these results, The effect of short wave frradiation and thermal dehydration, apparent- 
ly, result in a surface which,on the whole, {s the same in {ts properties, On the contrary [10], free radicals may 
be formed not only as a result of irradiation but also by calcining silica in vacuum, 


In connection with the presence of adsorption centers with high activity on the surface of silica dehydrated 
in vacuum, the energetic properties of such samples should differ from the corresponding properties of samples 
calcined in air, For this purpose, we investigated the heats of wetting with water of silica gels, calcined in 
vacuum at various temperatures up to 800°, The silica gel was calcined in a quartz ampule, connected to a 
glass pig with small ampules sealed to it for determining structural water, specific surface and heats of wetting. 
The pig was unscaled from the vacuum apparatus and the silica gel in vacuum was dispersed into the ampules 
which were then removed, From the data obtained, given in Fig, 2, it can be scen that both silica gels gave a 
higher heat of wetting after calcination in vacuum than those scmples which were calcined in air [3], The dif- 
ference between the heats of wetting of samples calcined in air and in vacuum was considerably greater for KSK-2 
silica gel which possesses a larger number of active centers than silica gel K-2, in conformity with the data on 
oxidation capacity and oxygen adsorption (see Fig, 1), The heat of wetting of KSK=2 silica gel, contrary to the 
case when it is calcined in air, increased with dehydration of the surface, It follows from this that on the surface 
of silica gel dehydrated in vacuum, centers are formed with a higher adsorption activity than OH groups, 


The data obtained by us is in agreement with the conclusions of the authors of papers [11, 12), in which 
the presence of centers of high activity (centers of the second type) were established on the basis of investiga- 
tions of infrared spectra of water adsorbed on porous glass, calcined in vacuum, It must be noted that the dif- 
ference in surfaces obtained by dehydration of silica gel in air and {n vacuum {fs not limited only to the centers 
at which oxygen {s adsorbed, but spreads, apparently, to other parts of the dehydrated surface, The investigation 
of these problems will be the subject of a separate report, 
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